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ABSTRACT 

Teams of teachers, other science educators, and 
scientists s<*lected from a national search for project writers have 
proposed using the following set of questions to guide the inclusion 
of earth science content into the kindergarten through grade 12 
curriculum. The Essential Questions are organized in a K-12 sequence 
by six content areas: (i) solid Earth (lithosphere) ; (2) water 
(hydrosphere); (3) Air (atmosphere); (4) Ice (cryosphere) ; (5) Life 
(biosphere); and (6) Earth in Space. The questions have been 
developed within the context of the goals for earth science literacy 
as reported in Earth Science Education for the 2lst Century: A 
Planning Guide, American Geological Institute, 1991. These goals 
state that for all students to become literate in science and in 
earth science they need to tsecome stewards of the Earth; dev'?lop a 
deep aesthetic appreciation of the history, beauty, simplicity, and 
complexity of the Earth; understand ways in which earth scientists 
investigate the Earth; and understand essential earth science 
concepts, including geologic time, evolution, change, scales, cycles, 
and resoui^es. The Essential Questions are organized in a manner 
intended to guide the sequential development of concepts and 
subconcepts within each grade level. The Essential Questions in the 
first section of this report, and the background notes of Key Ideas 
and Seeking Answers provided in the second section, represent one way 
to frame the diverse content of earth science. (KR) 
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Introduction 



Tenss of leacfaeis, cMber science ecb- 
cmon, and sdniUsts setected firon a 
fimiooal sewch for project writtra 

have |»op(»»d usiJie ijbe fottowiog set 
of cpK^ons to gidcte the inchisiooof 
eartQ science coateoi imo the kinder- 
garten tlsou^ grade 12 curicultan. 

The writing teans were setedted to 
woiic in gradk! level groufriogs: K-3, 
3-6. 6-9, and 9- 12- These gitmpmgs, 
similar to Arose used in modem cuiric- 
olum guides and firamewoiks. are 
based on such fecfon as student (tevcl- 
(^jmeoi and school (sgayzaion, foi 
exanfrie, tower and ^iper etaronaaiy . 
n^MIe/^jui^ high, aid senior iagfa 
school. 

The Essential Questions are m^moA 
in a K- 12 sequence by six c(»j^ 
areas: SMid Emtb (lidK^tere), Water 
(hydrosphere). Air (atmospbne), loe 
(oyos^^ere). Life (Wospbere), and 
EaiA in Space. The ctxd^ (»gamza- 
tioo represents the interacting systems 
Uitt fBdce Earth um<)ue wftfaibi the 
StriarSysmn. 

The qwstioas have been develc^Ted 
within the cmitext of die goals fiv 
eaiifa scteiKe literacy as r^Nnted m 
fiinA Science Education for the 21st 
Century: A Planning Guide, AflMri- 
C8D Geological lastitste, 1991. TTiese 
g<»ls, (tevek^Kd by a coBrasus- 
bttildhig {HDCos, st^ thtf for all ^ 
dems to become litofi^ in sckoce 
and in eaiih sctoioe diey need to 



• Become stewards of the Eaitli. 
Stewardship means making in- 
formed <tecistoos tboM using the 
Baidi's lescNuas md maiiMaining 
a higjj-qu^ity envirosmeot. 

• Develc^ a deep aesthetic af^necia- 
tkn of the Idstoiy, bewty. aun|^- 
ity, and complexity of the Earth. 

• Uod«r»»ad ways ^nwUdi earth 
sciNHists invoti^^ the Earth. 

• Understand essentia eaith science 
coocqpts indiiding geologic time, 
evolndoo, dw^. soto. cyc^, 
and resources. 

Essential Qneslicns irttegrate these 
^»l8 into each of the six coital 
areas. Forexample. the section on 
SqM Eanfa ^icbides the flowing: 
How can we use nil? (K-3); Wb« 
{MuWcms are cswsed by ns^ re- 
soinces? (3-6); What cim I do to coo. 
serve Earth resources? (6-9); and How 
does law inftience tise of the land? (9^ 
12). Seekhigsiswentodiesefpies- 
tioos feadi to stewanteh^ and 
appreciation of the Earth. Italsoloids 
to an imcterRttidlr^ of how tRonuis 
depend on Earth resources; how long 

it takes the Earth to provide resources 
that are not reoewabfe withb otir life- 
time; and bow we change our eoviroo- 
meoL 

Questions are coradklered essential if 
they address the ^Nds Slated above 



and if they make connections between 
tiie stiKleGis* woiid mi essential con- 
cqpiskieatihscieiKe. (^stioosare 
esmttial if they aie Bpptof^Utt to ask 
sttc^gmdeleveL Hieyaireveo 
mem ^>|»o|»i^ if ^uctaHa; are Uktly 
to aaic tpiesiif»i8 tl»n$elves. 

Essratial Questipis aie listed with a 
tetter (e.g., A., B., C.) and are gener- 
aUy divided into mmbered sub- 
questions (e.g., A. 1. A.2.). This 
organization, from a broad qwstion to 
a seifes of 9i4)i{wsti<ms umter the 
broad tpe^ion, is tnteticted to guide 
the sei^mttid devdopnmH of coo- 
cepts a»! s»ibc<»K:eiHs within each 
giadleteveL Fc»rexanq>te,in W«er, 
gjtmit level 3-6, qiMttkm E asks, Why 
do we need to be increasingly con- 
cerned about Earth's water resources? 
TMs brrad qire^on ev<^Ge$ a wide 
range of po^nrial anient, and the sub* 
questions piovi<te the framework for 
detineatir^ that crateiit. 

The first subquestion (question E. 1 .) 
2eks, Wheie dk>es drioddng 
come from? Hiis type of quesitm is a 
reascmiU)le starting print for inquiry, 
since eiuMes the teacher to draw 
upon expeaences from the ^utteios' 
woM A studem (rfwrvi^ water 
ing out of tte faiK^ at hmw md at 
s^ooL The leacber could connect 
tlas ^tidrat experience to earth sci- 
enoe concepts, such fresh water 
sources above and bdow ground 

The remaining subqi^stions uixfer 
qwstioa E ask the stiKferA, Where 
does wote w^ How do our ac* 
tivittes affect watt^r?; What can be 
ctooe to ptovkte drancf water in the 
ftmne?; md Who owm Earth's wai^ 
Investigating thnse »tbqu^cms cm 
proyicte an umterstanding of the fd- 
lowing coiKcpts: waste w^ may be 
tjcaied, but it is mH destroyed; waste 
water will eveiKuaily evqmr^ or 
flow imo the grcnrnd and to the 
ooettss; indttstrid, ^cultural, said 
{Hifolic uses affect water quality; (teple- 
titNi of aquifers withcnit rechaiqsing 
them reduces water quarttity; wise use 
of w^cr r^ources will provicte ctemi 
water hi the futun^; and laws can af« 
feet the ways witter cm be obtairsed 
and t^ed. 



The questions are integrated across 
the K« 12 curriculim, building a hterar< 
diy of ideas frcm ^mpte to otmfkK. 
Scmte qu^ttoQS afc repeated in scmie 
form at (EBcirai graite teveb. Ttus 
repttititMi cuc t wu ages mvestigatLig 
certain key coace|Xs A later ^ges of 
i^uifeni (fevelofmtetH. (^^onsat 
the K-3 level foctis on ihe students* 
irrurtediate sumHindings at htmie ami 
in siiiiool and encourage teadien^ to 
use many Ktiviiies. Attbe 3<*6tevei, 
the qi^stions focus cm the ^dents* 
expiuiding peioeptira of their world 
and *heir al^lity to obJwrve and de* 
scribe esoib sciffice objects said 
eveins. In grs^ teadiers 
^hcmld integrate earth Alienee with 
cHher sub,^^, swh as laiguage arts, 
social ^udia, health, md mathemat- 
ics. 

Grade tevd 6-9 bridges the observa- 
ticHQ^otttfiscieiiceofthe primary 
gracfes to the moie acadraiic, imalyti- 
cal ^i»tfes of tttgh sdlm>l aiKl beyond. 
In grades 8 and 9, earth science is 
conuKHily tmi^ as a rae- or two^se- 
mester course. By gmtes9-12,stu- 
(tafflaitciqpatrfeofthemost ligwous 
and comj^nebenstve treatment of the 
ifltenelttioiiships amoog the Eaitb*s 
systems. Becmrse these studei«s are 
makmg icdaiom abma education or 
en^yment after hi^ school, ques- 
tioiB m ir^hwled tloit encoura^ s tu- 
d^tts to exfMme bow knowledge of 
earth science ^ vssed by pei^le in 
many areas of emplc^matt. 

Hie Essemid (^leAiim in the firsa 
section of ftis repM, and the bxk' 
groiaid oom of Key Ideas mi StA- 
ing Ansi^^rs provided in die seciml 
seciHMk rqHn^ one way to fnune 
the diverse cottteiA of eaithsdenoe. It 
is the ir^m of the Natioml Center for 
Eaith Scteoce Etfascation of die Ameri- 
cm Geological Institute that this re- 
port scfy^ V a woikhig document to 
stimulate further discussion and e^r- 
inteiMion to improve precoUege 
eanh ^tenoe eikicaiioa To^mrdi^ 
additiooal copies, contact the AOI 
Publications Onter, P.O. Box 2010. 
AnnafK^ JtuK:ii(Hi. MD 20701. (301 ) 
953-1744. 
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Essential Questions in 
Earth Science 



Solid K-3 
Earth 



A. WIrai is the Eanh matte of? 

1. What is soil? 

2. How aie rocks alike and dUfcreiH? 

3. How is the land difBereia from place to place? 

B. What causes the land to change? 

1 . What can cause big rocks to become smaller? 

2. How are rocks and a>il mwed from pl»» to ^vxl 

C. How can we use materials from the Earth? 

1. Wl»t miaerials cai w- use from ttie Eaith? 

2. How can we use soil? 



3-6 

A. What evidence do we fr ive that the inside of the Eanh is different from the 
outside? 

1 . What is the Earth's cnst madte of? 

2. How cm we investigate what the Earth's inferior is made of? 

B. What changes the Earth's surface? 

1. How is the Earth's surf«» being worn away? 

2. How is the Earth's surfiace being InaSx up? 

3. In what ways does the Earth's mosi move? 

4. How do we know diat the continents have moved? 

C. How do rodts frarm? 

1 . Whal happens to melted rock when it cools? 

2. How can sedimeuis becon» rock? 
How cm rodcs be dmged? 

4. W1^ miaerials tfa^ we use conK from rocks? 

D. What is soil and where does it come frwi? 

1. How do rocks become soil? 

2. How (teep is soil? 

3. How does soil change widi depth below the surface? 
d How dc we use soil? 

E. Wbat can we team about geologic history by studying sedimentary rock? 

F. Why do we need to be incieasin^y concerned about the Eanh? 

1. How can we nin out of a reswrce? 

2. What problems are caused by using resources? 
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Solid Earth 



6-9 

A. How can we moctei the Eaith's suffaoe md its imerior? 

1. How <lo we describe wbtt we see aiouiKl ts? 

2. How do we tenow wheie we ai^ oo die E^? 

3. Ifow do we know tbe Eaftfa*s six mi shape? 

4. How deep have we peneini^ the Eaith? 

5. How can we team aboia the Eaith*s interior? 

B. How can we mvesHgaie lodcs and minerals? 

1. What aie rocte matte of? 

2. How do rods form? 

C. How is the E^'s mfan weanng down? 

1. How cto rocks bitak down? 

2. What happens to weathered rock? 

3. How is weathered rock moved? 

4. Wheie does weatfaeied rock go? 

D. Why do we ssill have nKHHitauis? 

1. W!m mtim moi&fiidns? 

2. Wheie aie moiimatns foimd on the Eaith? 

3. How cm we exfdain the global p^tero of moumains? 

R How old is the Earth? 

1. What can we learn from layers of rod^ about the Eaith s a^? 
1 Wlat mediCKb can use to nwasuie the Eanh's age? 

F. How do we use Earth resources? 

1. What Eattb iWTuroes do we oeed« wd why cfo we need them? 

2. Where ck> we find E^th n^ourm itm we need? 

3. Why are Eaith resrarces limi^ 

4. Wtat csm I do to omsecve Eaith resource? 



9-12 

A. Howdb we use the litlK»{^re? 

1 . How and whese do we get energy fttmi the st^id EsstM 

2. Wfa^ solkt fiaith matt^hals do we use, and wbne do we find them? 

3. How does the Uthcspiiere influence agricultural production? 

4. WlMaretbeadvaittagt^^disadvam^s oftssing the Eaith *s le- 
»wces7 

5. How dtoes law influence use of the land? 

B. What is the 2^1id Eaith? 

1. How cto we measure the EaiA*sdimei^(His? 

2. How can we dt^imine the Eanh's ctmpc^itim] and stiwtuie? 

C. What clues do tocks and minerals give us ^HNit how they vmt formed? 

1. How do rocks md mii^als foim? 

2. How (to rocks tuxl^o cfamige? 

D. How do rocks help us ttetermine the Eaith 's age? 

1 . How can we use die itl^ve dating method to ttetemune sequences of 
gedogic events? 

2. How cm we use numencal dating tectBik]ues tottetennioe ntes of 
gedogic drage? 

ERiC 8 



E How i% the Eanh's ctm moviiig? 

1. WlM is the theoty of (K^e tectonics? 

a. How do we know thit Hti]»»pheric plniea; move? 

b. How do cnii^ and maitille proces^s relate to plate tectonics'? 

c. How do cn^l featuies itl;tte to plaie tectonics? 

2. How does the EarJi*s cntsi adju^ to changes in load? 

F. How (k> we tecoginize lamifbims produced by constnictional processes? 

0. How do we lecc^puze Imdfofnis piocbiced by (tegradalional proc^ses? 

H. How do we depkrt the Earth's surface and sirt^rface? 

1. How do u« tise mi^ to finad>' ibe Eaith*s stu&ce and subsurface? 

2. In addition to maps* whia other tools and tectmoiogies art used to snidy 
the Earth's stirf^ and sirtisurface? 

1. Why aie some areas of ti» Earth*s surface considered hazardous for use^ 

J. Whu careers are available in the study of the solid Earth, and what other 
types of employment require knowledge of this discipline? 
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Water k-j 

1, WiM tie wmM {nopeiiies of Ik}!^ wittei? 

3. WiM ate Mm {mj)efties of w«er v^pw? 

4. Wtttiisadoiid? 

5. Where do iw find waiei? 

B. How can we use water? 

C What is the difFeience between cfean aod dirty water? 

1, WlMttiS(&ty WMfSI? 

2, WhM cm cmm vima pc^ution? 

3, How cat we crasen^ w^i? 

3^ 

A. Why is wafer special? 

1 . What properties make wjtter ^Tecial? 

2, Why is wa^ neoess^ to mir lives? 

B. Where is water fotmd? 

L Wheie is w^er foimd in die air? 

2. Wheje h wm^r frntod oo the waifya of die Eaitih? 

3. What dues do we have tbOL w^er is io die ground? 

C. How does water move fttm place to {rfaoe? 

D. How does witfer cause ctaugn oo the Evtii? 

1. How does movii^ water cbaqge die Eaith*s »Bface7 

2, What difiieiroce (toes the wmm of water indK in mi eoviroimieiit? 

E Wliy do we need to be iociea»igly ci»ipeiiKd Eaxft 
sources? 

1. Where does drh^g w^ come finmi? 

2. Where does waste water go? 

3. How do oiff activittes aOtct water? 

4. WiM cm be itooe provkfe dram wirter in the feture? 

5. Who om» Eardi*s water? 

A. How do the wateis of the Eanfa urculMe? 

1 . Where do we find wahsr? 

2. How don wa^munr die atmi»^|[rfieie? 

3. How (toes waiter come out of the miM^dieie? 

4. How does water ftow over the huid? 

5. How does wider smve throuj^ die grrand? 

B. How cm we tomtigitte die oceans? 

1. Why ut ootam mlty? 

2. How ito ocew waAen change with depdi? 

3. Wlua mates ocean w^eis move? 

4. How doea w^ nmitooi in die ocoms afli^ m? 

C How can we tnv water more wisefy? 

1. How do we use water? 

2. Where does the water we we cotne frirn? 

3. How does water diange ydnta tm it? 

^ 4. What can we dk> aboidi harmfid dwqiea to wuer (iim%? 
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9-12 

A. Wlot b the wiier cycle? 

1. How does water dnnge the water cycle? 

2. How is new wMer iotroduced into the water cycle? 

B. Why are the oceans impoftant? 

1. How do oceans aifiect weatfier and climate? 

2. How do o«MB affect the land? 

3. How do oceam affect the composition of the atmosphere? 

4. What resomces weie fofmed by ancient oceans? 

5. Wh« resowoes do pnesem-day oceans provide? 

6. How does l»iinao ac6v^ a£Gect oceois? 

C. What aie the characftiistics of a*suifece water? 

1 . How is aibairface water stored? 

2. What coMrols tfje movement vaA r«c of movement of subsurface 
wsaer? 

3. How can subsurface water reach the surface? 

4. What cMitiols the quality, (pwntity, and r ailability of subsurface 
water? 

5. How does subsurface water influence human activity? 

6. How does human activity ailect subsur£»:e water? 

D. How Ls surface water di^buted? 

1 . How does precipitauoo influence the occurrence of surface waters? 

2. How do streams soA lates ctumge through time? 

3. How aie surfitce and ail^irface wiaer reU^d? 

4. What are the effects of moving surface w^er? 

a. How does moving wasfaot w^r modify the landscqx? 

b. How can moving surface water bSe used to produce energy? 

5. How doa surf»x water infhience launan activ^y? 

6. How does iniman activity affect surface water? 

E How do laws affect our tae of water? 

F. Wbsit»z^areas8ocfi^withw^.aidta)wcfflweiiuti^et^? 
O. What kinds of techndogy are used to stwly the faydroqjhefe? 

H. Wh« careers are available in the study of the hydrosphere, and what other 
types of employment require knowledge of this discipline? 
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Air 

A. How does weather d»nge? 

1. What ia today's wtmbat 

2. How does wemher dange htm day io day? 

3. How <toes i««miier fiom sea«)o to seascMi? 

B. How does weMher affect us? 

1. How (toes weatlm afifect our activities? 

2. How dK>dd we <kesa for diffeieiM weather? 

3. How does weatlKr affect the way we (tesign out homes? 

4. How do we protect ourselves fnm weather? 

C. Wbat is air poUuUoa? 

1. What is in air to make it dirty? 

2. Whtf erases air ptrflutitm? 

3^ 

A. Wloi is ^Tedal about the air? 

1 . What (k> our 9»SN tell OS idKWt tl» air? 

2. WI»t is air made of? 

3. ynm aetds air? 

B. How does weather change? 

1. How do we know when wether changes? 

2. How can we meame chao^i^ we^r craditioas? 

3. WhtteSect does suali^ l»ve oo wnulxr? 

4. Wb^ efito tk> mottoi^iis tave 00 weBifaer? 

5. WIhh effect do oceans have m we^lier? 

6. How <k> dtai^ m die sewMS affect wc»tfaer? 

C. What can we team firom weather rec(mb7 

1 . Vnm can be feamed firom weather recisiis where we live? 

2. What aa be teamed fnm weather p^ten^ of varitHis legioos? 

D. Why do we need to be iiKie«angfy concerned abmit die Earth's TAmo- 
^pheie? 

!. Why do we need cfean air? 

2. What can be i&ne to provide cteaner air? 

3. Wbtt is the gicciifaoiiae e£feci7 

A. How can we describe the aimo^jhere? 
1. Wbat is air made of? 

X How (toes the ismospbtn chai^ with altitiKte? 

B. Why does we«ber (diaoge? 

1. How (toes weiMlier affiMt m? 

2. How can we obserw weather? 

3. Hsm can we display weather (bm? 

4. What c«ises we^ktr to (d»nge7 

5. How can we piedii^ ctaoges in weadier? 

6. Why (toes we^ber dau^ witli the seasons? 

C. How can we investigate dimate? 

1. How is climate (fiffeieni from weather? 

2. How does clin^ dwige from flace to j^kx? 

3. Whaievida^isthsietbatclioi^l^cteaigedttBough tiim? 

D. How can the atmosphere be clanged? 

1. How is the iimoq)bere dusged by t^ural events? 

2. How do we cbange die atnu^Htere? 
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9-12 



A. What are the diafactenstics of the atmo^re? 

1. WbM is the craiposition of the aimosfrfieie. and what energy exchanges 
lake place there? 

2. What is the inipottance of the atmo^te's layeis? 

3. How a? Earth and life cycles aflect the atmosphere's composiUon? 

B. What is wether? 

1. How is water in d» atmosphere related to weather? 

2. What d difrcremiypcsofclouds indicate about weather? 

3. WbeiB and Iww do low and Wghpie»i« areas develop, smdwbai 
malos them rota* and travel across the Earth's surface? 

a. What makes the wind Wow? 

b. Whtf dianges occur m we;»her frraus? 

c. How do geographic regions ami ge<miox]^c fe^ures aif&ct ibe 
(tei^f^mi^ of jntssme sy^snms? 

4. How are weigher fmefas^ prqiaied and used? 

5. WhM are mmcsfb^e tnzards? 

a. Under wi^ drctmuamoes do atmospheric hazanls develop? 

b. How aa we {notect omselves bom ^mt^ilKiic hazards? 

C What is air quality? 

1 . What affects air quality? 

2. ynat are inver^kms? 

3. How cm we mesnue air quality? 

4. How can we improve air quality? 

D. How do we investigate dim ate? 

1. How are cUm^ zones similar wod dinferem? 

2. How (toes climate conind the geognq^ di^iibiition of ve^tatioo? 

E What cheers are avail^ie in the study of the atmosfHbcre, and what other 
types of employment require knowledge of this discipUnc? 
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A. Wbefe do we find mosi of die Eulfa's ioe? 
3-6 

A. What jue the diaracierisoks of ice? 

1. Wbtf tu^ns when waer freezes? 

2. How does ice fbrti!? 

B. Whal are glaciers? 

1. Where are glaciers found? 

2. How do glsdfeis aff»^ die Earth? 

3. How do te^rgs Strnn? 

C. What were die k» ages? 
6-9 

A. How does ice occur on Eaith? 

1. Where is ice found? 

2. What ftmnsdo«s kx udte? 

B. How cm we ioviMipie ghKios? 

1. How do gl^ins fimn? 

2. How do glaciers move? 

C. How do gU»aen change the Eaith? 

1. What happens when a glader advsoK^? 

2. What bi^iB when a ^K:ier melts? 

3. WMt is die evident d)^ ice ages have occuned? 

D. What rescMOces re^ frcnn glKiation? 
9-/2 

A. How does year-round ice affect the Earth's surface? 

1. Whia ci^es ice to flow? 

2. How does die movement of glaciers afifect tfw surfiacc over which diey 
flow? 

3. What are s«ne suif«» effects of p«ma£n»t7 

B. How ctoi die ayosphere ch^ige over time? 

1 . Wb£a w(Hiid cause die amomtt of year-romid ke to deciease or in- 
oeioe? 

2. How might human activity afiect die ayos|riiere? 

C. How did the most recent ice age affect the Earth? 

1. How did the most receia age modify die Earth's topography and 
drainage? 

2. How did the mx^ tttxse. vot age affect die typ» and distiibutioo of life? 

3. What lesoui^ resulted from the moax xecem ice age? 

D. How c^ we team paA chmates by ^yii^ yeu-towA ice? 
E How and by whom shmild Aiaaictira be managed? 

F. What hazards are assodMedwidi Ok ciyoqihere? 

G. What kinds of technology are used to study die ayosphere? 

R What careeis are available in die study of the ciyosphere, and what odier 
types of employmeat require knowledge of diis discq>Une? 
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K'3 

A.Wtwlctaesdowtavethalplaiasawiaiiinials tived long ago? 

1. Wbat are fossils? 

2. Whstt wsre dinosauR, and vvtax happened to ihem? 

3-6 

A. How does life w» ihe Earth? 

1. Wal is necKsaiy for life on Earth? 

2. How is the Earth used by humans? 

B. Why have some living things become exiinci during ^tehisioric and 
tustoiic tinies? 

C. How do we affect the h*ita! of other Uving things? 

D. What actiMis can we todiow conoein for life «i Eanh? 
6-9 

A. How does the Eanh st^ott life? 

1 . Wta^ materials and condMioas support life oo Earth? 

2. Why isn't life the s«i» everywhere? 

B. How have life and die Earth d^ged? 

1 . How do we know living tlangs have changed through time? 

2. How dm f(»sil8 rev»l dK ^? 

3. How Imve living tUn^ clisi^ the Eai^? 

4. How does the way we live affect living thinp? 

9-12 

A. What do fossils reveal about the past? 

I. How do ftsBrils reveal infimuahm *o« the oivironmaH in wWdi the 

argndsnra lived? 

Z What do fossils reveal aboot m^orgeopaphfc and environmental 

dMH^ tlBtHiglKMa gei^c hist«»y? 
3. Ifow (fo fesils pnn^ evklem for OTgmic ev<^(m? 

B. How do Earth miderlah »ippoft food weta? 

C. How are we lespoDsiUe for all remaining livmg things? 

D. How has »dinology cn^ried us to extend our hatnti^le wivironniem? 
E What careers are availaWe in the study of the Earth's inferaction with * 

bksphere, and what other types of employmeoi reipiire knowfedge of this 
disdpline? 
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Earth k-s 

Iff ^nfli*0 A. Hew are the Earth, MixHi, and Sim alike and (Jifferera? 
*#* k7f/W€/tr 1. How does the Sun's podtioodange during the day? 

2. Whftt oHues day and ni^7 

3. Wbstt cnvwseeintbedaysky^intbe nigta sky? 

4. How does die Moon aj^ar to diange? 



$'6 



A. What can we see in the sky? 

1. Wlot cai we see in die day sky? 

2. How does the Sni afipeario move in the ^? 

3. Wlm (SD ^ see inifae 1^1^ sky? 

4. How (toes the ^ change? 

B. How aie the Earth. Moon, and Sun relied? 

1. How can the siz^ of die Earth. Moon, imd Sun be compared? 

2. In whd ways do the Eaidi and Moon move in rel^toii to the Sun? 

3. Why 8 the Sun con^ifered die Eaidi's most important energy source? 

C. How is die Enth-Moon>^ sy^m relaied to oihn (Ejects in tlw SoJar 
System? 

1. Wlat are the niembeis <tf the Sol» System? 

2. Where are die Eanh, Moon, wA Sun located in the Solar System? 

D. What can we team hnm space explor^ion? 

1. What have we teamed about the Earth and Moon from space? 

2. Wiol benefits to lannamty result fitnn explor^oo? 

3. How do we team sdiout the Solar Sy^m? 

4. What have we teoned about the System fhMn expioratira? 

5. What are tiK po^bilitk^ fnr tife on (Hfaerpitmets? 



6'9 



A. How c«i ^ olserve objeos in the sky? 

1. Whai cm we see wittwat a tel^KOpe? 

2. What can we see widi a telescope? 

3. How<»iwe(H»eivedb)iect8indiesky inmbn^waj^? 

B. WhM are the motions of (ki^ects we ^ hi the sky? 

1. How do oete^ (Ejects move dara^ die sky? 

2. Why do oeleittid trfijeds q^ar to move aimmd the Earth? 

3. How ck) m^km of objc^ in die SfAu Sy^m aCtect us? 

C. What kinds of objects exist in space? 

1. What is d» Sun? 

2. How do drains (Hi die Sun affect us? 

3. How doi» the Eanh compare witfi other objects in the Solar System? 

4. Whtf kinds of ob^cts exi^ outsicte dte Soltf System? 

D. How cm we use i^exl 

1. How cm we live in space? 

2. What can we Iram about the Eanh frmn sf»ce? 

3. How 1KB s^e fedmotegy chained (»u- lives? 

E How is the Uidverse chuigmg? 

1. How dkl the Universe begin? 

2. How can we mea»ire die Uoiveise? 

3. Will the Universe end? 
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9-12 



A. What is ibe sening of the Earth in the Solar System? 

1. Wh« objects aie in ihe Solar Systran? 

2. Why is the Eaith um<{tie comparetl with other S<^ System objects? 

3. How and vhm was die Solar Sy^etn fonned? 

B. What is the setting of the SoIm System in the Univexse? 

1. How far ap»it are objects in space? 

2. How does the Solar System move relative to the Milky Way galaxy? 

3. How cKi look bmJcwaid in tin» by looking into spsuxl 

4. What is the protwlnlity tt»l life exsts el%wfaeiv in the Universe? 

5. How can peq^ live beyond the Earth's atmo^^re? 

6. How is the Universe d^^g? 

C. What tools and tectmology can we use to extend oax senses to study space? 

D. Wh^ careers are availaMe in the snrfy of the Earth and Hie Solar System, 
and what otter types of employment require knowledge of iWs discipline? 
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The foUowtng sedion comains bwk- 
gnwod notes ad»nit^ by tue K-3, 
3-6. 6-9, and 9-12 wiiiUig teams. As 
they devclopetl the Essential Ques- 
tions, the writeis consiiteied which 
ideas teachers might want iheir stu- 
dems to understand, and what teach- 
ers mi^ A> to have studems Kquiie 
tt»t umfer«tfiding. Unis. the wiiiiDg 
teams' notes about student understand- 
ing fill the Key Ideas column, ^ 
their notes about teaching stn^gies 
foim Seeking Answos. Mc«Es«n- 
ttal Questions are developed with re- 
lated subquestions. In th^ cases, the 
infom^on in the Key Ideas and 
Sedcii^ Answen cohunns is ei»efed 
next to the sobtpro^ioas and not the 
iHOttdquestkn. Hus mfonmOiiHi is 
provided to guide the re«ier to the 
type of eaith s^nce contoa that 
could be apfRnptittt for iiKluskm m 
the K-12 coniculnn. To be cotistd- 
eied a complete K- 12 earth science 
syllabts would require luifha' <tevel- 
opmeitt. 

It is not inteiMled thi« shMknts memo- 
na the vocaJbuiaiy cotAsn^ in this 
lepoit although a teacher may elect to 
use it in context duiing investigaiion 
anddisd^kxi. !H»exam{^«^SolkI 
Eaitfa. Grades 6-9. Essential Question 

B.2. asks. How do rocks foim? Tlie 
text in the Key kteia cfriumn induttes 
such lenns as crystalteaiion, precipita- 
tioa. and defonnation. These terais 
aie iiaeoded forthe leader of tWs re- 
port teacher Of t«ber profiwslooal 
making canicuium and insinictioo de- 



cisions. However, the i<teas of cryst;U 
growth, formation of hmcsione by pre- 
cipitation of caiciian cartxMwie. and al- 
teration of the crystalline smiclurc of 
rocks by hert Mid pressure are consid- 
ered appropriate for students to inves- 
tigate and undemand in gra»jte level 
6-9. 

In this repmt. solid Earth (Utho- 
spheie) refers to the solid portion of 
the Earth, as compuedio the samo- 
s{riieie and die hydrtKqphere. Thus. 
solid Earth includes the rocky plane- 
tary smfaoe and «ibsuifacc, and the 
rock-fonning nui«fials of the planet's 
interior, /ce (cryosphere) refers to 
both the pan of te Eartb's suitice 
tfasA is poemd^ firoarai aid ttie zone 

of the Earth where ice and frozen 
ground are foraied. Objects in this 
zone indi^ie soom, peimaCFoA. gla- 
cicis. and toaiii^ ice (icebergs). 

£iirt/i materials is a commonly used 
torn tot stdkl Eaitii mi^als. such as 
smL, mmerals, «id rocto. Eanh re- 
sources is u»d in two ways. In the 
Solid Earth section, the temi means 
Earth mattiiab with some commer- 
cial value, for exan^. metallic and 
n(H>nM^ic miner^ and fossil 
{itels. In Jbe broaifer sense. Earth re- 
amices include renewable and non-re- 
oewid^te res(»iices. for ex^ple. clean 
water and air, soil, ran fwesis. and en- 
ergy swirocs Sttdi as wood, water, 
wind, animd md pl^ waste, and fos- 
sil fittls. 
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Solid Earth 

Essential Questions 



Key Ideas 



Seeking Answers 



A. What Is the Earth made oH 
1. What is SOU? 



Soil is maikr of many different ma* 
terials. Soil b made of dlffimm* 
sized mitteiials. Soils differ fsota 
place to place. 



2. How are rocks alike md dif- 
fiweM? 



Rocks are composed of differeiM 
malcdals having dilferem proper* 



Collect samples of soil from differ* 
em aitas near the sdiooi, »d bring 
back imo the dassroom. Dem^be 
and comfmre sample by toudi« 
sight, and amell (e.g., le^iture* 
color). Draw pictures. Use a magra* 
lying glass to examine the smipies 
a^un« and describe ttKm. What 
thdnjts do you fimi io the ; uii? Com- 
pare soUs from iKmie witl ttose 
frmi school. Describe differ- 
ence io size, textuire, and color of 
the soil paiticles. 

See wh^ happens when you add 
water to one of the soil samples. 
Put several drqps of wuer imo a 
ccH^trincf w ith a taUesqpoon of soil . 
Thenccmqmie wet 3Pd dry soils. 
Use potting schI and sandbox sml. 
Ccmifwe textiue, size, I'uid cdor. 

Place onetea5^>ooDofem^soil 
sample imo a glara of water (don*t 
^ir). Obsi^e nd txfk^ wlw 



^ody iKm you am dai^ rocks* 

stiMlema to bring in rocks. Sup* 
ptemcM whh tc»dier*8 collectitm. 
Sort the rocks on the b^is of color* 
size, sbqie, lextuie, and wd^ 
(heavy or Ught). Lode rodcs 
^th a mi^ufying glass, and clas- 
sify imo grcH^ Report how you 
chia^fiedtbeni. 



Ccrftect a handful of gravel, md 
wn the gravel htto gnnips. 

Describe h>w rodcs aie {Sfferem 
firoin ixMihrodks. ExmjHes of non* 
rocks are tBaod, brick, and wood 



^ Mfowisthebndcfifleitm 
ERJC frwa place to pteoe? 



The surfiice of the land vaifea from 
pine to place and mqr be tmnoi^ ^ 



Devek^ aUst ferni AwtoMs' toam* 
stoimiogastowbtitfayidlooks Uke. 



Solid Earth 
Essential Questions 

K'3 



Key Ideas 



have vegeimirat, cw be covered by 
man-made materials. The surface 
may have mountains, hills, plains, 
rivers, lakes, towns, and cities. 



Seeking Answers 



Have stwtems draw a pi«ure and 
write a stwy ^H>ut iheii favorite 
place. Oassify the pictures of the 
different landsc;^- 

Provide trays of wet sami for sm- 
deois to build their own Ividscape. 
Have students compare their indi- 
vidual trays. 



B. What causes the land to change? 
1. What aei cmee big rods to 
become sonaller? 



Big rocks can be broken into 
smaller rocks by j^ysical pio- 
ce^s. 



Describe sandstone, and look at it 
widi a magrafying glas. 

Rub two pkc^ of sffl»itei«ie to- 
l^tber over Mack cmstnictim 
p^r. E»mk)e the niMed areas 
widi amagt^fying glass. Lock at 
the pwces on the con^ctiim 
pi^>er. Ccmpare the i^eces with 
(me mother and with the ori^^nal 
j^^oes of sandsttHie. 

Ciush rock salt with a small ham- 
mer on blfK^ constnioion paper. 
Use a magi^ing glaa to compare 
the pieces on the paper with one an- 
other seaA wMi the original piece of 
rock salt. 

Pla« cfaalk in waier ovmi^ md 
emiine wisa l^^ieos to the 
cfaaflL Describe how the chalk 
chan^. 

Freeze apitxe of porotis sandstone 
that has been soaked in wsaer over- 
night Examine what happened. 



2. How ate rodcs and soil 
moved from jAace to jdace? 



Water can move rocks and stnl to 
different places. Wind and ice can 
also move materials from oiw 
place to another. 



Demonstrate bow water can move 
earth materials. Use a tray Iflitt 
plaMiog tnys, ^umaami roasting 
pan) with a miattme of sand aid 
giaveL Bttibi a landncope A m 
end of Ae tray . Set (»e ^ of the 
tray (» a brick w bocdc n ingte. 
with the laod^ape at the top of the 
tny. Pouf iMMo tbe laid- 
sc^. Observe and describe the 
ciwngra. 
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Solid Earth 
Essential Questions 



Key Ideas 



K'3 



Seeking Answers 



Viat a stream, beach, or sleep 
slope to observe soil and rock 
nnovemeni. Describe »h] draw. 

Chart areas of pmblem dfain.ige nn 
tbe {daygrotmd dluiiog the school 
year. 

Demot^rate tow wind can move 
earth materials. Repeal ihe setup 
for ttie expeiimeitt tfa^ used a tray 
and mixture of sand and gravel. 
Use fan instead of water. Observe 
and dewnbe tbe diuiges. Compare 
these to tbe observations made for 
water. Demonstrate how melting 
ice on a slt^fied surface can move 
sediment 



C. How can we use mtterials bom 
tbe Earth? 

i. Whu materials can we use 
frwnihe Earth? 



The Earth k the somcc of all mate- 
rials thai we use. Some of these ma- 
terials are soil, »ind. gravel, oil, 
gas, and coaL There is a limited 
stqiply of many of these materials. 
We cm reuse some of these materi- 
als. 



We are rcsTonsible for taking care 
of tbe Earth. 



o 

ERIC 



21 



Brnn^nnn and m^ a list dTsome 
of the materials in your dassnxmi. 
Oa^fy thMi socmding to how 
they are (feiived from the Earth. 
For exmfk, some classroom mate- 
rials can be cl^fied as p^r, 
glass, raet^, aid plastics. Discuss 
tow these {moesKd m^eiiids orig- 
inate fimneMifa maierials. Discuss 
bow some things that we ihrow 
away can be used again by recycl- 
ing them at home or elsewhere. 

Collect Ihter at the school play- 
grmnd OTnewby loc»ion. Son the 
litter imo different caH;g<»ies, such 
as plastics, metals, and paper. Dis- 
ctos who is res^NJosflrfe for (Hitting 
the litter on tbe playground and for 
cteanng it up. 

Calegoriix the waste material ctd- 
lected over tbe period of a week in 
your classroom. Discuss where 
most of these materials come from 
and how they can be used more 
wisely. 



Salid Earth 
Essential Questions 



Key Ideas 



Seeking Answers 



2. How can we use soU? Soil is used to grow plsots md Braia^onn the uses of soil Lis^ 

food nught iiicliKfe growing piams, 

food, and tiees; iukI fanning. Con- 
sider ways that soil mi^ be lost 
and bow its loss mi^l be stof^d. 



3^ 



A. Whtt evidence do we have thtt 
the bMi of die Eaitb is differ* 
em fwm the outskk? 
L What is the Eaith's cmst 
matfeof? 



Eaitfa's cnistal materials include 
rockSt minerals, mA sihL Humans 
and <Hher ftmns of life live chi the 
Earth *5 cnist. 



Investigate local areas, Ccmipaie 
samples of the Eanh*s cn»t (mm 
other areas coUcded by hstnittor. 
Examine rocks, minerals, md soils 
from students* yanli. 



2. How can we invesrigatt whtt 
the Eaith*s imerior is macte 

on 



The Eaiih*s interior Is investigmed 
directly by digging, drilling. mA 
by sttidying volcanoes* The Earth's 
imeritv is investiga»d indirectly 
by infierenc^* Seismic waves gener- 
auKi by eaidiqudas and by sdo- 
lisa m used to investigate 
indirectly the Eaith's imerior. 



Do infeirnce »:tivitks with blKk 
box or day ^rfiere. Material is 
plBsced m the box or sphere. Proper- 
ties of the model's imerior, swh as 
dtasity and magnetim, are investi- 
gmed imfirectiy. Rnd about se»- 
mic sftaltes as » exani|He of 
infeim^e m k^nsng dmit the 
Eaitb*s interior. 



B. WI»t the Bailb*s sor* 

fBQtl 

1. How is the Eanh*s surface 
being won away? 



The £aith*s suifSm is worn away 
through weatberhig and erosion. 
These proces s es tend to tevel the 
Earth's smfKt by trmsptming 
imems to lowi^ elevatim» mA ik^ 
|K»Hii9 tfam in layeis. 



Inve^igaie chemical weaiheiing of 
!iiM:3tooe by placmg it in vinegar* 
Freeze porcH» mdMooe s^urated 
with watc^, andobseive chani^ 
caused by freezing* CNmive and 
<fescribe vario«sedfaQM8. Tk^ 
mem tabte activitks wkh differ- 
em-sized sedimeim. 



Investigate local areas of erosion. 



2L How is die Earth's surface 
being buih 1^7 



The Earth's ratface may be built 
19 to higher ete^^tkm whrn vdca- 
noes create new rock mi^enal 
(fami, aril), and wlieie femes inskte 
the Earth mm the maUi^ to push 
up, foiming features such m moun- 
tains. 



Vx qqmprime visu^ aids to team 
^xM volcanoes and moumain 
buifatt^ 
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Solid Earth 
Essential Questions 



3. In wlwt ways does the Eaidi*s 
cni^ move? 



4. How do we know dutt the 
comiiieiils iiave moved? 



C. How dto rocks fbmi? 

1 * W)M lHqq9ens 10 mebed itKk 
wbeo it cools? 



Key Ideas 



Eaidi*s cnisi mom hori^omdly 
and veitically (eaithquakes, faults). 



Ccminems thm are far ^na^ may 
have similar rocks and ft^ils, sod 
cm be shown to "fit" together. 
The» observations provkte some 
evident that ihe cootioeitts have 
drifted qpart. 



When liquid rode m^eriid calted 
ma^a co<^, it becomes ignet^ 
rock. Rode texture (mineral grain 
size) is detemtined by how quickly 
the rock material cods. Faster cod- 
ing promotes a finer texture. 



Seeking Answers 



Use caiUbo^ moiMs of faults 
avail^le from suppliers, or make 
your own models using clay For 
more itifomiaiion and activities on 
eanlKjuakes, use Eurth^imkes: a 
Teacher's Pmlmgefar ' 

Use a continemai plate putzk to 
show that comtnents can "fit" to- 
other. 



Mate several batches of fudge: 
vaiy the me each baK^ cools, and 
iK>ie the cfa^ge in texture. Exam- 
ine several sami^s of fine* 
grained, coar^-gmoed, and glassy 
igneoifiiroclL 



2. How cm sedimei^ beconur 
rock? 



3 . How can rocks be chaoged? 



4. Wto mflttri^ dttu we 
come from rocks? 



ERLC 



Sedknetus form layws, The» lay- 
ered sedinwits may be c(»i^m:ted 
and cemet^ tog^hc^ to ftmn 
memary rock. Some sedimentary 
rocks can ftmn from miiM^rals left 
as water ev^r^. 



Rocks may break into paitictei 
fircrni wfaxdi se<hmem«y rock may 
be fonned. Rocks may be chmged 
by heu and pressure (metamor- 
pWsm) to fonn metanuHj^ rock. 
Rocks cm be melted, noting in 
magma« which cools to form igne- 
ous rock. 

Many cl^roon materials ccme 
from roc^ Simie common mtteri- 
als are ^1, ahmiimmi, glass* 
cbaft, i^aster, and maible. All 
cla»room materials that do not 
grow ccme fiPMi mineral re** 



Nfake a mixture containkig a vari- 
ety of sedknenia {clay, sand, small 
peMrfes), and fiaa in a tall Uans* 
paretH cmmuner. such as a large 
graduMed cylhxter or ^ass jar. 
Add wa^, diafce the mixture thor- 
ou^^, and allow to settle. CNi- 
serve the results. 

Do Ktivdies with a stream taUe. 
Di^ve salt, and observe how it 
foims a sediment by piecipitatioa 

Use audk>vt8uals to iUtMrate rock 
tiansfonnatioia^ which iKliKfe ig- 
neous, sedimenlaiy, aixl nieiamof- 
pfak processes* 



Idemify classro<mi mi^erials thiu 
ctme fstm rocks; discuss re^ 
So^/ptoce^stcd m^iiab verbis 
materials m their lUAind oate. Dis- 
cu^km should tuchide plastk» 
from petrolefmi products as weil as 
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Solid Earth 
Essential Questions 



3-6 



D. Wlutf IS soil and wl^ie does it 
come from? 

I . How do rocks bec(xne 5C»1? 



2. How 6ctp is soli? 



3. How does soil chan^ with 
<te|Hb below the surface? 



4. How do we use soil? 



Key ideas 



sources. In most ca^. energy 
used in ibnc classroom com^ firom 
hscl resounces. 



Rocks become soil by weathering 
and ero^oo. As rocks bitdk (town, 
Ihey change size (boukter* cobbte, 
pebble, saml, clay). Decomposing 
oq;^ matier (team, woody frag- 
ments) mixes with weathered rod^ 
and sMs mitiients to the seal. 

Soil varies in ihkkness. It cm be 
very thick (measured in meters) or 
veiy thin (me^ied in cemimeters). 

Top soil r ^ daiker type soil on top 
of a diffeient-coloied layer of soil 
called the ^teoil. Most plams 
grow in the tq) soil. If you dig 
below die sirt>soil. you will n^ch 
bedrock. The soil may have fomied 
from this bedrodk or may have 
been trampofted by wmer* ice, or 
wind. 

We u» sm) to grow resotmres, like 
crof^ f(K htuiiaos and livestock and 
forest for wood and other prod- 
ucts, and to laocte:^. 



Seeking Answers 



metals from ores wil mm- metals, 
like Iniildinf materials. Disvuss 
local materials (from within the 
city, ccmnty, and st;Me). U S mate 
rials, mhI imported materials 



Examine soil with a magnifying 
glass. Oiow fimis in diflereist 
types of soil. 



Inve^igaie soil depOi and types in 
differs axe as. Describe differ- 
ences. 

Investigate composition and 
|m)files from various pl^es. 



Loc«e iHteiaiy growing airas of 
the U.S. and the workL biierview 
farmers or boiticufttiri^ sbwa soil 
eoban^meitt wA {m>iectiiMi. 



E. What can we leam about geo* 
logic histcHy by ^yiqg 
mentary rock? 



The time tequired for rocks to be 
ciestted and dteirc^ed is usudly 
tmg. When sediimnts aie ikpm- 
ited in layers, tte oldest layers are 
on the bottom, and the yotingest 
layeis are on die top. With ci^npac- 
ttoo tmd cemeiMMkmt the sedi- 
ment become sedimentary rocks. 
Fossils are s»>metim^ found in 
such rock. Fbssils ^vc chies jdMntt 
the raviioiBn^ in wbkb the life 
forms Uved, thereby cMtributing 
to an tmdeistaixfif^ of ancim cU* 
mates ai^l landfonns* 



Use audiovistals to iUimirate 
draigM in tte E»th over time . 
Use a stream tsd^ to the for- 
mation of ^dimentaiy layer?. Ob- 
serve models of simpk geologic 
cmss sectsim, Eamine cimmion 
fossil types, and contiaa item with 
life foints today^ Sm Reflevmms in 
Time and Tin Eartit Has A His* 
lory? 
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Solid Earth 
Essential Questions 

3-6 

F. Wby do we need 10 be locnas- 
u^y ctmoemetl sdsout the Eaith? 
1. How cm we ran out of a 
resource? 



2. Wbat |m)<>teins are caused by 
iuni% resoiaccs? 



Key Ideas 



We can ran out of a resource wl»n 
all known occuneQ>;«s of the oiate- 
lial «e m {daces where the mate- 
rial b impossibie to obtain with 
cunwa tedHM>logies; when faoowo 
tectecdogics are too cosdy to 
ttin it', or when the material is 
found in places ih^ create a coo- 
Gict of imeirst in land use. 

Many resources, Uke oil and gas. 
are oon-renew^ie. Other re- 
so«oc8, like trees and plants, are 
renews. Ail re^Huces, hKMing 
minerals, soils, and fresh water, 
roust be used wisely. 

resoMces unwisely may 
cause poihHion md may destroy 
babitms. 



Seeking Answers 



Discuss news stories about 
tesourceshortases. 



Study ways th^ will minimize pd- 
luttioo mti (tesimciioo of hi^Ms 
(e.g.. min^g and mwufacturing 
processes). . * «aiviiy to investi- 
g^ add fain. 



6-9 

A. How can we modd the Eaith's 
Efface and its kttoior? 
1. How (k» we describe what we 
see around us? 



To (tewaribe what we see aiTHHid 
us. otaervitioos are essentiaL They 
must be made carefully and be re- 
coniedprec^y. 



Design descriptive activfties using 
the dasstoom, the school, and the 
school gfomb. Devise exercises 
for accanttphttcmient of de- 
scribed objects (desks within room. 
Mcycte ndc 00 school ground). 
Use uHwdiuatesandscate. 



ERIC 



2. How do we know where we 
areootbeEaith? 



3. How do we know the Eaith's 
size and dupe? 



The locatimi of obsmatitms must 
be ^Kcurattly (fetetmioed. 



Scientists use difTerent types of hi- 
<Srea measuremMtts to determioe 
Ihe Earth's nzt and Os^. 

C5 



Use mi^ tfid to em|rii»ize 
latitude-Umgitmte cooidinttfes. and 
topofftf^ (comow) msf» to 
illustrate concepts of elevation and 
reiiet Use local aerial photo- 

Examine s^UHe |rix)«)gra|te. For 
upper-kvd s^teias. tto Eni- 
tostheoes' experiroetaal calcula- 
tkam to Earth Scienct. • 
Itmstigatioia Of fai Investigating 
theEar^ 



Solid Earth 
Essential QuesUons 



Key Ideas 



Seeking Answers 



4-9 

4. How deep htve we pene- 
tnted the Eaith? 



5. How can we feim about the 
Eaitb's^it«i<»7 



B. How cm w iovetttigaie rocks 
avlniinnrBb? 
1. Wtaa are rocks made of? 



2. How do rocks form? 



C. How is the Earth's surface wear- 
ily down? 

1. How do rocks breakdown? 



ERIC 



DfiDfaig taito the Eaiih has peoe- 
uated cfflJy a veiy thta ouwr layer 
roeastaing only sligjlMly more than 
(Nie-ienihof a percem of the dis- 
tance to the Earth's center. 



Inferences about the remaimng 
994> pcfcem of the Earth's imoior. 
wUch is not obxpniM, csa be 
maifa! ilmMi^ stwl^ of active vol- 
cnKWS, magnetism. setemJcity 
(eaidxpi^e waves), higti tempera- 
ture-pressure simuiations, and me- 
teorites. 



Use lecnires, amllovisuals. discus- 
siots. aid fteW trips to emphasize 
the limited direct accos to the 
Earth's iiHcrior. lUustr^e stratigra- 
phy with jello layers of difiering 
cfAoT aa! consistency. 

Study cwKepts of seismic inieipre- 
latioos, sonar, and Eimh magne- 
tism. ConstrtKi modeb from data, 
and use audio visuals to reinforce 



Rocks are made of oat or more 
minerals (ekments and ccmi- 
poumb) and cmi be OTgvttzed into 
a classi&ation syaem based v^oa 
their crastinierts. About 8 to 10 
common rocks ocoir over mtst of 
the Earth's sia&oe. 

Rocks are formed by processes op- 
erating in vsiow cnvinHfflHMffi. 
These processes produce recogniz- 
able dsuacteiistics in rocks. Ac- 
cording 10 the rock cycle concept, 
the bask: rock types (igneoBS, sedi- 
mentary, raeiamoiphic) can be 
iransfonncd from one type to m\- 
oiber. The rock cycfc requires an 
umten^Mling of magma, lava, 
crystalU2aaioa, sedhneot fmn^on. 
tTaiap<»tation aid depositioo, lex- 
tiaes, cemenl^on. precifnlaOon, 
andfteformation. 



Introduce mineral identification, 
emphasizing observation, physical 
properties, and crystal growth, not 
menuHizi^oo. CtmHwe 
to rocks. Note the varifdiwi in min- 
erals id»tfified in di^rnit rocks. 



Make local obserfsl^ota of rocks, 
and build nations with maxi- 
mum varkKy. Note similarities and 
differences. PresctM concepts and 
clasafic^km system; (Hnctice rock 
identificadoo coordkiated with au- 
diovisuals and ttemra^Uois of 
ro<±-fomiing processes. 



Rodu near the Earth's swface rni- 
dergo diMiges from both physical 
weathering, such as ^rasioo and 
frost wedgHig, and chemicai weath- 
ering, such 88 oxidAioo and sohi- 
tiML Oiroale and t(^graphy 
comrol whk:ta of these processes 
jmdiNnioiaes. 

2B 



Experiment widi physical and 
chemicsd process^. For example, 
for freezing and ttmwing of water 
in ctHt&ml and tamwfimed on- 
tsuners. me^ure expmsiun sbkI 
contractioa and effect on contain- 
ers. Do activities wHh oxidation 
(noting of ixtm) and solution of 



Solid Earth 
Essential Questions 

2. What tey^fis to weatt^red 
rode? 

3. How is i^albeied rocfc 
moved? 



4. When does wembered rock 
go? 



Key Ideas 



Weathering proorsses lesuli in the 
alteniiion of rocks, >vhich produce 
sedinietK and soUs (residual and 
uwK^ned). 



Weathering prochicts aie eroded 
and tra^Kuted to otter pi^» by 
wind, w^er, and ice. SIc^ aie 
aiw ledooed by |»oce^»8 of 
wasting. Slope stability ts of {m- 
maiy cmicein in Imd use plamiing. 



Energy loss by transpcming a|^ms 
duTsig movement of weathered 
rock leawits in<fc|>ositi(Hi of 
partteles. Physical (tepositkmal pro- 
cesses mvoWe lyxtemandrng the 
infliMKes of gradiems, cuneiMs. 
and wwes. Hood plate, <felts^. al- 
luvia fans, loe», tate, wA lake 
and ooesn sedimerrts are pixxhicts 
of depo^tkm. They odiitHt deposi* 
tionol fiMmts thm indmie sordag, 
graifedbetk&^aadlayefii^ 



Seeking Answers 



solids. Visit kKral «^m<Heries, or 
use photographs lo otiserve differ- 
ences in okl md new monuments. 

Observe some soil |m>files. and 
note the ch;»ges in color, texture, 
and composhioo with ttepth. Exam- 
ine locd soils md^ to !diow varia- 
tkms, and ncNe the tmd tim on the 
various soil types. 

Explme piiiKi;!!^ of oosiun and 
(tepositicHi using a stie^ table, 
KKlimant Inmtes, and ^hi trips. 
EaqieiiineiK with inflimKie of wafer 
and gravity on slope statniity Mea- 
sure aiq^ of lepose for sediments 
of diffimnl si2«s and sfas^ 

Use tMrfe to observe factors 
ti^uew^ eros^ and dqmdtion. 
Use a seMing ortumn to note tela- 
titm itf size to wttUqg me and to 
undei^md simh^, grafted bed* 
ding, Mid layering. See Erosion: 
Leveling the Land. 



D. Why (to we still faave moun* 
tnns? 

1. Wlfittmakes moumalos? 



2. Where are momsains fotmd 
on die Earth? 



Moumahu cm rMiIt frcm v<rfca- 
nism^ foUii^ faulting, earth- 
qudua, Md di£Emfliial eiosltm. 



Moumain chains are fiHind on 
every ctMttintsM, fi^ exan^Ie* almg 
the MSiie weA coast of the An^ii- 
cas, along the eastern bonfer of 
North America* through the Medi- 
terranem and in Asia* Long 
submarine moimtains called ocean 
rid^s, isolated vok^anic moun* 
tails, wA mouitfah^ along isl^ 
aicaalsooiA. 



CtmtnKX day modeb, mA use 
eaithi{uake(tetectionewrcisesand 
"slinky*' modeb. In motmtwmis 
areas, observe harards. See Why 
Do We Still Have Mmmiains?^ 

Emi^^rii^ map exeitim. itfemify 
and locMc nioisHains of the US. 
and the world 
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3, How cm wt e;qp{afai the 
global p^tem of moumains? 



E How old is the F--^*-*^ 

l.Wb^cfflwe from lay- 
eo of rock sbc ihc Eiidi*s 
age? 



2. What methodt can we use to 
meastue the Earth^s age? 



F. How (fo we use Eutfi lesoisrccs? 
L Wbtf Emh lesomos <to we 
need, and why do we need 
them? 



2. Where do we find Eaitfa le- 
sources that we need? 



3, Why are Earth resources lim- 
ited? 



TTie tfieoiy of plate ^oiucs m,- 
coums for the types of mms^ains 
and their di^ributimi globally. Im- 
ponaitt coiKqpts involved in these 
theories inclutfe cnisial collision, 
subduction, and rifting. Ttese pro- 
cess (^rate over a limg period 
of time. Riaes can be n^asiired ctt- 
lectf y tlsough using sateflh^ w (fc- 
dnced over l€mg irMrvals (millicms 
of years) by ^>lying geologic 
priiKiples. 



Using models and ma{^, discuss 
the significance of the paticms ami 
types of mountains. Plot data on 
fieqtmncy and distribution of earth- 
qusdces and volcanoes. lUusirate 
coiKepts of crustat plates, tlieir 
movement. mA margins ttirmigh 
video and movie ;mimatiom. 
Demonstra» {mtK^pIe erf ccmvec- 
tion cells. 



Age relatitmships of rock laj^rs 
can be ctetermmed by sq^mg the 
la^ of superfH^tion, tMi^o^ 
horizoatality, crt^^iaitting relation- 
ships, arnl correlation. 



Radioactivity of some elmtents 
pie^nt in rocks mcdce it po^ble to 
<tet«niioe tow many years a^ tUe 
rock tomedL Radiometric ditting 
assumes a ccNt^soH r^e of deoiy, 
proihicing a predictable ratio of par- 
ertt-UMhmglMr element over a 
givra petted oftime-TheE^is 
at teas! 4.5 billion years old. 



Constnict models ami geologic pro- 
files to reinforce principles of age 
rel(tfioQshq» aixi coiielation. 



Creatt^ geological time line. wA 
\xsit "shoe box cfecay'* to illustrate 
radion^tric dating lectuiiqw. 



To siq^nm arvl ent^n^e life, we 
need such resmirces as metals, non- 
metals, fuels* aixi imdous ston^. 



EarA renounces are m>t uniformly 
distributed; therefore, some re- 
sources must be imported. 



Earth resrarces are limited by exist- 
ii^ known quamities, ec<Miomics 
of acqui^kH^ and oMnpetition f(^ 
alterotfive tK»s of the land where 
they occur. 



Observe smtfrtea ofmesandre* 
fined metals, fiwte, coal and 
and other economic minerals and 
rods. Vteit a mtmim, utilize 
visiting sckttfi^. 

Make a list of impoitaot resources, 
and plot cm apprc^nia^ where 
they are known to be foumi In- 
chide the ocuuteuce of strategic 
materials. IiKiude any Earth re- 
sources in yoitf area dmt control 
the local economy. 



Highligltf Earth r»mir^ using 
current events; hokl deb^ on 
resource utilizatkm. wA invite visit- 
ing im>fe^onAls to discuss 
rescmrce iraK»i. 
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A What can I do to cooscnre The limitation on imouiom le- Discuss values in recycling, visit a 

Eanfa resources? qirire Um plans for con«?fvaiioo. local recycling cwHer, and mHe re- 

recycling, and multiple be im- cycling issues in the media, 

pfen^i^ woridwkte. 



A. How do we use the lithoqrtiere? 
1 . How md where do we get en*- 
eigy bom the solid Eaith? 



2. WlM wlkJ Eaiih materials do 
we use, md where <k> we Gnd 
them? 



3. How does the littu>5pheit in- 
flueoce agricultural produc- 
tion? 



Energy from the stdid Eanfa is <te- 
rived frKHn the uf^ layets of the 
lithcsphere (cnist) ihrougfa drilling 
and mining. S<Hirces of energy 
ficmi thecnst uKfaKte fossil fuels 
(coal <hI uaiiml gas) iHick^ar 
fuels, and gemhennal si^* 



Mo^ of the materials with commw- 
cial value 6Huid at wnear the 
Eanfa's surface (soil, rode, min^- 
als, fuels) £ue used. 



Materials of the litbo^q^re are the 
source for all soils. 



Deiemiine the local sources of en- 
ergy fM^ hesfting homes and mami* 
f»:uuing. Visit a power plant. 
R^arch the types and sources of 
energy cterived £rom die cnist, 
which m ittiliz!^ in ttm st^e, na- 
tion, and worid- C(Hiduct a study of 
geotbemial energy hKides. One 
soimx of ii^mnarion is the Califor- 
nia Dq^aitniem of CofserviOicm. 
Constiuci modtate of oil tn^». De- 
teimine rdiAive siqqiiies of various 
cnistal eoeigy ^rces. Ccmdua 
dtscusrions md debates on the pros 
and com of ala^matii^ enetgy 
(wifldt watt^« wood, and waste). 

StiKty sam{^ of metaHtc and nwv 
metallic minerals* Perfomi mi ex- 
traction lab with calculatitm to 
deimniae<pmitfily firom me miner- 
als (e.g*, copper). Detemune 
smsroes of imponani minerals and 
tb^ ines* not loc^ons of re- 
smircesonmmnk Dismay miq> of 
priva^, Indium aiM, md federal 
IfflKb m the U.S^ and om^^are 
widi sites of ciMd, <^ gas, and min- 
eral podKtiOT. 

Examine local excavations, and 
note soil characteristics and under- 
lying rock. Ci^»es»Hlsni^ 
with geologic maps. Detemiine 
are^ of lugb agrtcuhtu^ produaiv-^ 
ity, and ^ and rock type. De- 
termine soil d^HKHerislks relied 
to topography md climai^. 
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4. What are the advantages vsA 
db;advwtages of using tte 
Eailb's resources? 



5. Ho»- does law influeiKe use 
of the land? 



Key Ideas 



Eaitb resources are esemial to at- 
tain and Improve dK quaUty of 
iMiman life, yet their use may cre- 
ate severe pfobtems of restnirce de- 
pletion, pollution, and undesirable 
surface alteration. 



Legislation is essentia] to maxi- 
mize the wise use of the Earth's 
surface aod iis natural resources. 



Seeking Answers 



Dettimioe resources that are re- 
oewabte and non-retiewable. 
CtKX»e several resources mwI de- 
velop a list of benefidal versus det- 
riimntal effects of their uses 
Cmnpare rate of u« with known re- 
SMves of several commodities. De- 
tomine whidi of these resources 
are anenabte to recycling. Fbim a 
panel: (feveloper. envirotHHcnialist, 
potiiiciaD. d^dzea Det^e (reipiires 
libraiy leseaoch wiitmg) isnies 
of stewardship, cwsseivatjon. pollu- 
tion, and surface damage. Etevelop 
a recycling system at school. Visit 
a local oeitter. 

Invire a guest speakn to discuss 
rights of property owners reganling 
minerals underiying their property. 
Research local stale ofdinances 
cootidihig land um, buiMhig 
codes, and reclamation of mined 
areas. 



B. What is the solid Earth? 
I . How do we measure the 
Earth's dimensiomi? 



2. How can we detennine the 
Earth's compraidon and 
stnicture? 



The &Bth*s diroeiwiom miqr be (te- 
teimined by iwing mdhect wdirea 
n»a8uremeiM. Entfostben^ a 
Oreekgeogn^^her. used indirect 
imstbods tonie^ire the Eatfa, 
while today we can directly mea- 
sure the Eudi widi artifid^ satel- 



The Earth's «mip«»ti«i and s«nic- 
ture ^ icnowo from detailed stud- 
ies of »irface m^^ sttH&s of 
vofcmioa, drill tole sami^. md 
inferences made from geo^ysteal 
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Do Etsnssnbems' cqperiment in 
Earth Science Investiga^fts or in 
Investigating the Earth. Calcu- 
late the Effldi's sixe ui^g a sonple 
road map showing bttitude and a 
rater. Track sttelttte teimcMflg 
from U.S. Navy commwilcaiions. 
Disoiss laiitiide-kK^itaHie, pdar- 
equatoT dimeter ratios. 

Observe and intcipret geologic 

Laodsat images, and stereo 
photographs. Examine rock cores 
from drilling in local area (sources: 
local highway department, well- 
drilter, state geological survey). In- 
vile geosdentist to discuss load 
and regional gedogy. Study princi- 
ples of ^ophy^ and iUustia^ 
correlatiwi of data with properties 
of Eaitii imtfeiiaL ObMive a ^s- 
mograsi, mid ^ S-P ^ve tkne- 
travd gi^ to locale m epicenter. 
Coodact sei^tc wave <fenionstra- 
tion with "slinky" md rope. Use mi- 



ERIC 



27 



Solid Earth 

Essential Questions Key Ideas Seeking Answers 



9-12 



dtovisuals to s^sist in pns^ting 
con^Irts. See cunem computer 
suftwaie catalogs for apprupriate 
activities. 



C WlKit chie$ do locks and mioer- 
ab gi^ us alHHii how tbey were 
fofined? 

L How do rods and minerals 
fonn? 



Physi<^ wd diemicai iaws comrtrf 
the fonnaUra and characterises of 
miimr?!s Crocks. 



Disass ways that minerals may 
form ttmmgh rgneouSt ^diiiieii- 
tary, wA roetamorpMc processes. 
Design hdioratofy studks of miner- 
als, cxysi^, Msd rodrs, whiwh em- 
ptmize {Hiystcal and diemtcal 
characteristics of miwrals ;uk1 
rocks. Use fidd trips to ob^rve 
local mineral and rock occur- 
rrooes, and ge<Hk>gic maps to ^w 
mtticmal md worklwide rock distri- 
butions. Introduce cmcepts of clas- 
^ficatton idated to chemical 
relationships and physical proper- 
ties. 



2. How do rocks undergo 
dsimge? 



AH rocks may undei^ chmges by 
i{xigHranejq?wuie to dififeieiM eo- 
vin>nmems. The rock cycle coo- 
cq>l repfeseots these changes. 



Develop a list of ways rocks may 
be dfflc^d, and iileoify the cradi* 
tioos favor^^le lo ttose chimges. 
D^Hay load sanqrfes thu may 1^ 
resem various environments of on- 
gm, md ccmpaie with rocks from 
other regicms of die wotML 



D. How do rod^ help us determine 
die Eaidi's age? 
1. How can we use the rdative 
dMlng mediod to detennioe 
sei^noes of gecAogic evems? 



Relsdivt ages of rocks and emrfs 
in the Earth's hisu^ry can be (teter- 
minHl by qq^iiss ^ laws of oim- 
formitarianinn. original 
temzomality, super|K^tion, cross- 
cutting lelatioi^ps, and inclu- 
siom. 



Vst atKik>vsiKds in tniroducing the 
cmcilMS t^ gedogic tiim and his- 
tmy, f<»rexam|te, dktnimd films 
de^dhig qHwdes by rock leisaicm- 
sdups. Sol^ relative age pn^blems 
&tmi [tetcvial dues* Examine aiKi 
inu»]»et geolo^od amis sections 
exfaibtring fokfing, hudting, imni- 
sionsi and erodrau E^iperimem 
with itevelof^ tliiee*4imension:d 
models toempha^bte relittiondiips. 
Take field trips to local exptsiues 
of rock CHitcn^ onjuafries. 
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2. How cm use mnneiical 
dmlng wchtwpKS to deter- 
mine rates of geok>|pic 
dnnge? 



The age of the Eaith and individual 
events in its hfetory can be deter- 
niined by various radiometric ris- 
ing tedniques. Dendrochronology 
and studtes of varves are otiwr use- 
ful dating techniques. 



Study principles of radioactivity 
and appitcMions to dating geologic 
materials. Lrfwraloiy activities 
dXHikl reinforce discussions by 
illustrating concejMs of decay and 
half-life- Measure some rates of 
diange, and derive a tinie frame 
(e.g., the Grand Canywi): observe 
tree sections. 



E How is the Eaith's cnist mov- 
ing? 

1, What is the theoiy of plate 
tectonics? 



8. How do we Mssm dm 
IbtKspheric {rt^ move? 



b. How do cntstal and mantle 

pioccssm ref iu pis* 
tecimiics? 



The rejected theory of Alfred 
Weg^r. known as cominental 
drift posiulaed that a siqjercoMi- 
nent, Pangea, broke iiao pieces, 
forming I he present cominents, 
which drifted to their present posi- 
tions. Today, nio»fified by redefim- 
tion of the "jneces" and the 
mechanism for "ilrilting," the con- 
cept is refened to as i^ate tecton- 
ics. The piec«i are caHed pl«es, 
which may be oceai^ or ^la^asKa- 
tal cn« or bcNfa- They mow by sea- 
floor spreading. 

Evidence of plate movement in- 
ci»tes oxtftei^ St. of the 
sea floor, sttKlies of earthquake 
foci, and i^^teomapieUsm and mag- 
netic leveisals, {HiB direct meamue- 
niem using sateUites. The rale of 
plate movemem is measured in cen- 
timeters per year. 



Unequal beta distributk» beneath 
the cixst and in the mantle be- 
lieved to be the pftamy cause of 
plate movanem These moveninits 
can cause rifting and sea- Boor 
spreading, colbrioo. and subduc- 
lion of p^es. Local htH ^pots have 
also been detected. 



Use a globe or map to see how the 
continental boundaries seem to 
"fit" together. 



Use large globes in caised relief. 
Use active ^mitar to diDse in 
the Cnisiai Evoh^ Ediicalion 
Project (CEEP) modules. The evi- 
denc* suppoiting the theory of 
pla» octwiics sbodd be studied 
and sutytemct^d by graphics and 
aiumatioQof piucessea in films and 
vkteos. Use geopiiy^ invcatiga- 
tlons such as those in the Labora- 
tory Manual in Physical Geology. 
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Use maps showing sea-floor 
spreading and coiMmem^ margins, 
and make fault ntodeis ustog mate- 
rials such as wood or da;'. Uhtstr- 
att hot spot thet^ widi Haw^an 
Islands aid Yellowstone Nstkmal 
Park. 
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Solid Earth 
Essential Questions 

9-12 

c. How (b> cni^al featuies le- 
Imt 10 pl^ ^tofUGs? 



2. How does the Earth *s cimt 
adjuA to cbangiss ui loail? 



F. How do we recognize lindfomis 
produced by coiismictic»ml pro- 
cessN? 

0» How do we ttaygaku^ Imxi- 
f<miiaprod wed bydegrB«teK»- 
alpmce^es? 



H. How do we depict the Earth's 
surface and subsurface? 
1. How dc we use to study 
the Earth's surfan and sub- 
suffim? 
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Key ideas 



Seeking Answers 



of the Ea^'s oceanic miA 
coatintnial featuiea are the rcaih 
of the moveimitt of Uthosq^ric 
platn. 



&iKly the dh^ributtoa of global fea- 
tures: midcNxiui ridges, niarioe 
tienches, isl^ arcs, mountains* 
Stttanarim voicmKK^s, guyots. gm- 
bras, and rifts. \3x labonaory ac- 
tivities to ieam chara:teristics of 
plate ma^ns wd their locations. 
CH^Uy these features using ccrni- 
puter software, models, and (Hher 
visuals* 



The Earth's cm^ te.'qKmls to load* 
ing by ctownwaiping (siidung) and 
to removed of load by rebounding 
(rising), achieving isMtMic eqmlith 
hum* 



Study principle of isostasy and 
<tonoBStrate using various sizes of 
Ivoiy soap or wood blocks in cold 
water toe in jeilo. Study aerial 
pbotognqfte of dKmdcmd dioie- 
lines, eqiiediaUy of Great Lakes to 
show retKNUid from glacial melt- 
ing. Discuss Darwin*s theory of 
atolls and seiumnif^s. Devise l^>o* 
r^oiy activity tm lading the sea 
floor. 



High etev^tic^ ^ich as voloaiic 
mount^ns and linear minnitain 
ranges, are considered Imidfomis 
that residt fircm ciHtttnictsiMial pro- 
cesses. 

Some landfomis are cat^d by pro- 
cesses thai red^ice the land Atrface 
( we^nit^ and ofosAoo) caushig 
diSfereoces In devatitm. Other fea- 
tures are oeeaed by moving the 
eroded msieriab to iower eleva- 
tions (depo^lkm) wdtax, wind, 
and ice. 



Compare landfbrms. such as moun- 
tains, ushig mocteb and topo* 
grapi^ maps. Use slides cmd 
videos exieiMnvely. Tate a field 
trip to a vtAam>, if possiUe. 

Use stream tat^ activities lo simu- 
late features result from stream 
flow and wav^ andt^yseive ma» 
movemaids. local field trip, 
and ohsenre wink of stremis and 
a£^)ciated mvas woiti&ig. Visit a 
local ccMStxiKtKNi site to see sedi- 
mentary features. 



Ma{»i of die Earth's sutfua smd 
subsair&ice are mcd to convey the 
ammte posititHi of v»ioi» fea- 
tures, depkt vsdttions in ele- 
v^ons and the distritnidra of 
Earth materials, as »il, rock 
formations, water, and fo^ fiiels. 
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Revkw tw of {Hammetric m^ to 
show routes (hi^bways) mi loca-* 
tioiis of f(»ttires* Cradto hibma- 
tofy activities mvolviog grid 
sy^ms. Leain to use Bmmoo crai- 
pass to mdce a m^ of the school- 
ysud Mate a tupcqpapluc m^ 
frcmi feiterai :uid saaie tq^gr^Mc, 
^»>logtc and soil ^tivey mi^s. 
Mate a tttfeenlin^nsional model 
of tc^grai^c map. 



Salid Earth 
Essential Questions 



Key Ideas 



Seeking Answers 



9-12 

2. In addition to maps, wins 
oiber wAs mxA techntdogies 
mt used to stinly the Eanh's 
Efface OKI subsuiface? 



Aerial photographs, satellite i*olo- 
grapfas. compuier-erfanced im- 
ages, sade-soHwins ratl»» ^ 
computer modeling are among the 
many tools and tcctewlogfes ised 
to audy the land. 



I, Why are some areas of the 
EaiA's suface comtden i haz- 
ankNiS fn: use? 



Active geologic processes at the 
EaiH s surface may prcs^ rida 
in us Jig maiy land areas. 



J. W!« careeis are available in tlK 
study of ttK s(^ Eaitb, aid 
what <^f ty|»es of emfdoymeni 
fcquire knowledge of diis dis- 
cipline? 



Careeis in the f^wcfcnws, sw:h as 
geology, geof^iy^, geochemi^ 
tiy, petroleum ^logy, economic 
geology, engineering geology, envi- 
lomnesttal geidogy, seismotogy. 
niineialosy. petffl^. stiuctural 
geology, aid vokanology. are keys 
to finding new smnces of «»eful 
Earth mattriab and to uoderstMid- 
ing Earth processes that affect oor 
Uvwu Exani^tes of (rther prrtBes- 
stons tha require knowledge of the 
Earth are dvil engineering, cod- 
stniction, fanning, archiieciure, 
real est^e, mA lai»l use planning. 



Examine the details of a local area 
on an aerial photograph. Deiaonsir- 
att {Klvamaf^ of stereo pairs. 
Study images and the uses of satel- 
lite imageiy md computer modd- 
ii^. CwKtnict three-dimensional 
geologic models. 

Study Wstoriad records for results 
of laidslkies^ votciaic eniptions. 
eaidMiuidces, c(d^»e of sbAboles. 
coaaifd stoims, and nmilar events. 
Use visu^ to demoostrate severity 
of natural hazanb, and explore 
oKthods to ptdka tbem. Learn, 
through lajnay work and discus- 
sions. methods thai may limit or 
coamA InzanSs. Identify potenUal 
l^fMoms on maps, and demonsu- 
ate the use of "risk" maps pub- 
lished by the U.S. Geological 
Survey smd state plamdng agen- 
cies. Disciss the ieasoi» for l«xl 
use regulations. 

Lead (&>at^oi«, and cfevelqp a 
1^ of pn^N:ri(»is wfatse woric 
(teals with some aspect of Eaitii 
charactei&rtics. Invke makers, and 
boW pajei discusMons by local pro- 
fessionab representing the profes- 
aons identified Phn a project to 
emi^ia^ze (greets in science ml 
tedsioli^. 
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Water 

Essential Questions 

A. Whidi aie the different fonns of 

1. WlM are smM propeities of 
Ucpiidwtfer? 



2, What are ^Kmie propeitiea of 
solid water? 



Key Ideas 



Pure Ikjuid water is clear. Water re- 
actt diffemtly to varims mi^als 
andswfaces. 



Water takes the shape of its con- 
txaoer. 



Si^ne thin^ dissolve in water. 



Certain ob^cts float in water, 
wUle others do not 



loe, sm)w, firost, miA Iwil ate foims 
of w^ dM have d»}ged to a 
solkL to terns when fiquid water 
iscoc^to &«ziJ^ When ice 
wasns, it changes to liquid water. 



Seeidng Answers 



Using ytHir swses {ohI a magnify* 
tng glass, observe and <toM:ribe 
whtt a diq> of water dkKS wbea 
plroed m di£feiral sui&ces (e.g.. 
wui player, p^rtowd, <hsk, fiii- 
g»tip). 

Pour equal ;anounts of colored 
waK^ tMo dififeietrt jm* Compare 
sod diffeirai sixes «id 



Describe whm hi^q^ens when sugv 
b aifcted to w^. 

Study what tu^qpens when you 
place driogs in waler. Qassily 
tbMe tl^ flott or msk in w aier 

CHve ^tudeirts a cltmip of snow or 
anice aibe. CMseive, nmwmc^ »d 
desgfl^ectuygjcsovef apwtodof 
about five minutes. Have them 
draw whtt they ne, ccrnipaiing said 
cQotnirtaig atoyc and ato* 



Water to its solid stiae is biittte. 



(^>serve what hq^pem wtien an ice 
cute is struck wUh a hMl object 
like a immm. Cmttim: Cover ice 
cube with towel t0prmm:t students 
fivm flying irieces, 

ttie^ Snowy Day} 



3. Wtai aie some propeities of 
water vapor? 



uc 



When liquid water is beittd, it 
turns into m iovisibte gas called 
w^r vapor. Whra wator v^m is 
cooled, it ^becmiw liquid wsoer. 
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Asa(tenionstratioa« diow students 
what b^l^mis to Ikpiid water whm 
it is heoKd. PlMe an himmsibte 
hntter to a coittahier of Cn- 
tkmx Siudems s^Miid mch Ae 
heater or the hot water. Describe 
what you »e. Hoki a ^1 ^irface 
(e*g^ metd minor) over ibe healed 
wtiK. Desattie what yon see (coo'' 
deiH^on). 



yfater 

EssentUaQuesHons 



5. Wbere do we find water? 



B. Kow ciD we use watti? 



Key Ideas 



Clouds are made of diffcrem ftwrns 
of water. The oceans we a major 
source of the water from vWch 
cliNids foim. 

aouds occur in a variety of shis»s. 



Some douds bring rain or a»w. 



Water can be fowid in many places 
as a liquid, solid, or gas. 

Water can be found uodergrowKl 
as well as in rivers. Ittes. aid 
oce^- 



Water is necessary for aU Uving 
twngs. Water has a variety of uses. 

such as drinking, (Waning, and rec- 



Seeking Answers 



Go witsidc on a cool day. and ob- 
serve yourbre^. 

Braiwstonn "What is a cloud made 
of?" Write a {wem describing 
clouds. 

Over several days, observe clouds 
ctange. 

Compare different types of clouds 
with different types of weather. 

Using cotton, create models of dif- 
^nt clouds. 

Complere the sentence. "My favor- 
ite cloud sdufe is — . 

Di^niss where water is found in 
ibe school, in the home, and out- 
side. Draw {^ures to iUiatraie 
where you find water, or cut pic- 
tures from magazines and make a 
cdlage. 

To study where rainwater goes, 
make obsexvaiioos and construct 
collages or drawing. 

Ek) a survey to show how water is 
used in the school for ejomple, in 
places ^ as the drinking foun- 
tain, cafeteria, aid restrowns. 

Survey family and extended fam- 
ily, and report on how the family 

uses water. 

Classify essential uses of water 
(e.g.. fire safely, deaoing. cooking, 
bathing, watering plants, caring for 
pets). 



C. What is tfie difference bctwe«i 
clean and dirty water? 
l.WlHrt is dirty water? 



Dirty water is water thai has unde- 
sird>lema»ridsinit. 



Study h©w we can mdie dirty 
wa«r. Mix one teaspoon of potimg 
soil with one Huari ^ 



ERIC 



36 



33 



Water 

Essential Questions 



Key Ideas 



K'3 



Seeking Answers 



serve wd describe, Mi^ me tea- 
qiooo of sand with me quan of 
water, (^^serve ami (tescribe. Cau* 
tiofi: Da not taste. 



Ditty wafer may lock cleao but be 
unsafe for mir im. 



Wafer can be tmed apin if U is 
tie^tod property. 



2. Witti can came water polhi- 
ttoo? 



Pet^ and nature add mmy mtieri- 
ais to water, wbidi poUirtea it. 



3. How can we conserve wafer? 
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Cleao wafer is a finite resource. 
We fAwdA tise wittn wisely not 
wastii^iL 
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Do an activity to descitbe ditty 
wa^. Bring in samptes ofcliity 
W2^, such as water fwmd in 
ponds and puddles. Use a magnify-* 
ing gli^ to ol^^ and desaibe 
ihem. 

Oo this drnionstntttcm or grotqp ac- 
tivity todiKwstiow^^ciaiteU if 
water is ^ todriiriL U^ng clem 
wmx mti time dear ciMainens, 
add tras^Kxm of sugar to one 
cofttitoer, one ^as^Hxm of sah to 
wotbaa^asmi, mid notlmg to 
the ^coi«ahier. Taste the mAet 
in eadi ccmainemd compjue md 
comiaML CMltoo: Students should 
not drirA from the some container 
For asan^^ have all stmteffis tie* 
sct^ the clrm*lotrikii9 ^^ier in 
aB time a^^ioers. Birt have only 
cme ^deiM sip trnn the OHtf ahiers 
to describe to the other flmletis the 
tasM. What can w^ say ^Hniictem 
water? 

Study what s€mp (toes to waM*. 
Have cms CHT move sMdnas wash 
their Imncb widi Ivofy soap, and tte- 
s^tttie the wirtar ofkrwanlB. 
this soiqqf water be used again? Ob- 
serve, compare, and contiast with 
chm wmer. What dbotdd be done 
befoie iw use tUs w^ again? 

DiKitss whete we can fhid cfiity or 
poUi^ w«er. Im^Kte in die dis- 
cussion the concept tfa^ ^nnt 
pbKM aie tj^ttunOly ptdhtted Biing 
in p^mn of p<^tMed luid nra-pol- 
hited siie^ns£U]d lakes, and ccmi- 
p^ and cotMrast. 

List ways we waste water. List 
can save witer* 



I 



I 



Essential Questions 



Key Ideas 



Seeking Answers 



3-6 

A, Why is water spedal? 

1. What properties m water 



2. Why is water necessary in 
(Hir lives? 



B. Where is waier found? 

1. Where is water found in the 
air? 



2. Where is water found on the 
surface of tbeEaitb? 



Water is a good solvem. lo its 
surface tenaon, it can draw into 
small spaces, for example, between 
soil particles Md rock fractures 
Waierejqiaidls wtieoit Ereezes. It 
lemaim a Uffutd ovn a 1^ tern- 
peratuie range, between O'C to 

lOO'C. 

Water is necessary to sustain mkI 
enhance Ufe. Its uses include irriga- 
tion. batMng, drii^ng, recreation, 
transpoitfOioa. txR^^ld vs^, 
vms diqws^, ami industrial pn>- 
cessing. 



Water is found in the air as w«er 
vapor, fog. coodensittiOT. and 
clouds. 

Water is found on the surface of 
the Earth in livers. sUrcams, lakes, 
pc»Kfs, otxaos. and gl»ieis. 



Conduct activities to investigaK 
Ae solveia propeitiw of water arnl 
capillary action. Do activities to in- 
vestigaAe freeting water. 



Identify local sources of water. In- 
vestigate bow water is u%d in your 
area. 



Do activities dcmoostrming con- 
(teosalioo and formation of swam. 



Use maps of local area to identify 
surface water. Make neigbboifaood 
(^K^aicHB. Use mqw of stale. 
U.S.. and world to locac w«er 
botfin. Ccmj^ anKMBHS of fre^ 
water with amouiss of salt water. 



3. What clues do we have that 
water is in the ground? 



C. How does water move from 
iriiKeto^ace? 



Caves, wells, and firings give us 
cbv^ dj« water t^na under- 
grou id. Since plaots use water 
from the soa. they may also give 
us chws K» tbe locatioo of water m 

the ground. 

Water flows iIowiAill. Wi^ ev^ 
orates into the air. Water is in 
many Eanb mswtials nd livfaig 
tUngs. Water is tiansfonned cycli- 
cally from solid to U«tukl to vapor. 

Ocean water is continuoosly 
moved by curnaHS and tates. 



Experiment with plaois: investigate 
the relationshjip between roots and 
w^. Do roots ffrow towards a 
source of w^? Observe the disiri- 
btttioo of plams m your local area. 



EsqfefiniefH wUb evapw^ton, cwi- 
dostiksi. and ptecipU;ttioo. De- 
si^ an experiment to learn if water 
is invfrfved in mating pt^om pop. 



^udy map of oceau ctments. 
Study tide charts. 
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Water 

Essential Questions 



Key Ideas 



Seeking Answers 



D. How does ^mmcm^tbm^s 
on file Earth? 

I. How does moving water 
dmge die Eafth*s surface? 



2. Whstt difieieftce does the 
amoimi of wmcr raaice io m 
eQvixtxunem? 



E Why do we need to be hicieas- 
if^y c o tKeine d aboat Eailfa*$ 
water lesowces? 
L Where does driiddng wau^* 
come boni? 



2. Where does waste water go7 



Moving water changes ihe Eaitii*s 
wrfm by wearing it itown (ero- 
sion) and buildkig it up ((tepcMsi- 
lion). Moving water carrying 
soqpeocted mitteriids can 
rocks snooth by ^Nradii^ thm. 



Tte amcHim of wa^r avsdiabte in 
m envirofanem cai^ the enviion- 
iKtu to have diffeient animals, 
plants, weatt^, climau;, 
himian lifej^yte. 



Fresh drinking water is obtain^ 
fftmi riveis, lakes, md groimd 
water. Water cm be Amtd in reser- 
voirs. Wmer can be purified. Salt 
cm be ranoved from m water by 
distiUatioo. 

Wai«! water goes down a drain and 
may ftow to a sefMic taid^ or to a 
treatimiA plant Durmg treatment, 
sraie wMer evspomei. Smct 
wute wa^ is not tkstroyoi, it will 
eveiH^y Sow imothe grotsid 
and dk> widiill to the oceaa 



Make local c^rvaiiom of erosion 
and deposition. Cot^truttion sites 
mi stream valleys show obvious 
examples. Observe various stages 
of watc^-wom rocts bom differed 
sites. Use a rock tutiiMer lo make 
rocks mi minorals smooth. 

Looae and compare environments 
and haft)ilats in terms of Ih^ type of 
animals, {^aiHs. wesoher, climate, 
and human lifestyle. 



Design a flow diagram ^wing 
tow wi^ travels froni its source 
to the school fsuKXts. Tskc a field 
trip to a local wmr trettment 
plam* St^y bow to difiiU sea 
water. 

Cf^tma a flow diagrmi of waste 
water diqyos^ md uemmefM. Do 
activities to team w^ recycling 
(m a spacestup* 



3, How do our activities alGfect 
water? 



We aflfecf the Eaitii's w^ quality 
by cftming puMk ffiid hMhistrial 
waste wtter. Agricuttute afiects 
w^rqtndity throu^ i^ing fieniliz- 
eis mdpestidktes. Powtt ^Dera- 
tion jAsam tse wa^ fi^rcoc^fa^;, 
which makes (he w^r wamter. 
We affect water t^aittity bf (fe{Het* 
ii^ aqiuifim withtHtt rtdiaig^ 
them. Rode fonnatioi» that yield 
signUEIcwt cpiaMities of wioer are 
known as aiitiifeis. 



Read new^iqm* mvi magazine ar« 
liclw about aipriler deiHeUon. 
Study local proMetns lelated to 
water quality. 
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"Water 

Essential Questions 



Key Ideas 



Seeking Answers 



3^ 

4. Wtait cm be done to provide 
demer water in the hiiure? 



5. Who owns Eailh*s water? 



A, How do the witfeis of the Eanfa 
cirntltte? 

L Whem 4o we find wa^r? 



2. How does water cmer die ^- 
mospbeie? 

3. How does w«er omie out of 
the 8tm0S|riiere? 



4. How (toes waier flow over 
the land? 



5. How docs wjitermovc 
through the gfouod? 



B. How om we iiivestig^ 
oceam? 

1. Why nceamsahy? 



As the woiid's pc^ilmion in- 
creases, more people will need 
clem w^er. Wi^ use will help pro- 
vkte enou^ clean water. 



Laws are wiittai to deci<fe who 
owns wtter. These laws cm make 
a difl^nc^ in the ways wauv cm 
be (rfMamed and u!^. 



Water is found in ocem basins, ice 
cq|», lakes, rivers, the ^moqrfme, 
and uiKferground. 



Water enters the atmosplwre by 
evs^KmtioiK uans{nrs^oo« and vd- 
came emi^ras. 

Water is removed from the ^mo- 
sphere by processes itm cause pre- 
cipitation in the fonn of rain or 



Water falling to die E^h flows 
over die sttrfm as nmoff, in 
sheets, and dotHigh intricate sys- 
tems of dntmels to lakes md 
ooems. 



MtK^ of the w^er falimg to the 
Earth infiUrates thnni^ intcrcoo- 
oected openings between particles 
(pon») alMig fracture {rtanes aiHl 
scHt^m oivkies* MovemeiM of 
water throuj^ dx^ (^pes^i^ is ia 
respmse to gravity and resulimt 
pressures in urns of cof^nraratt. 



The sdinity of the ooe»i^ restitts 
pmnaiily from the lot^-tenn 



Ictemify local w«cr meds. Begin a 
'^wise-use ' activity program for 
water. Sttwly where <»hcr countries 
have wiAer quality and quantity 
proUems. 

Study water use laws in your area. 



Exanune local area to note occur- 
rcnces of w^er. Une mcf^ to sup- 
ptemetn perKHial iuvcsiigaiion, 

Demcm^te experimem widi 
liquKl-v^r trmsfoimation md 
rat». 

Use a cloud chmiber to illusinne 
coudeisattoQ of witer v^m. 
Detn<Histrate cradittens for cwxteo- 
satilcMi and froAt inctnpording coo- 
cefMofdewpoha. 

Use aarran table to ifltsstrate ef- 
fects of prec^riiaiioo on nuioff md 
Ooodiiq;. Omher data ^bwn {»eci{^- 
tatiramd&Kxitog to the local 
aiea, md note my influence c» 
Imd use. CK)tahi land use maps 
frotn local govemmess agetictes. 

Upng models, oqmiimni with po- 
n^ty, peimeidHlity, and csqrillarity 
to COTvey cm^jXs of aquifers, 
w^r t^es^ md aitesim systems. 
To do a ptameriHlUy mdporwity 
activity, see Investigating tlie 
Earth} 



Ejiperimmt wi^ the influence of 
evapontfioa mi s^ QNioeotiBti(»L 
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Water 

Essential Qnestions 

of cHs^ved mmerals by 
voksaAc Mtivity (siffCwe and sub- 
mit) and by rivers (weathering 
andevDsiuo). 



2. How do ocean waters change 
widi depth? 



3. Whtt makes oce^ w^rs 
move? 



4. How don wattr mjfdoo in 
the oceans affea us? 



Great vaii^oos exist in Itie nttnie 
of marine environmems^ from the 
Ultnmnaied qiper wateiSt to the 
dadcer, colder, hi^pi«sst»c wa- 
ten on dse bottom. Sl^ ^ van- 
ws kinds of submersible aie 
to e:i^riofC ocesKi (tepths. 

SurfMre waters of the ooearo are 
set in moAtm taigidy by wmd-gcn- 
eia^ waves, die Eanh*s rotation, 
aodscmietizmaby eaithqiMdces and 
vcrfcanic eni{Miof^. 1>«p-ocean cir- 
cidMioQ is caused by gravity md 

dainty, 

Ctitolatioo within the oceara 
grtady inlteams global dimsaic 
{parens and cmn^ erosira »d (te- 
position along a)asAal areas. 



C How cffli we use w^r more 
wisely? 

1. How do we use water? 



2, Where does die water we use 
come from? 



3. How does water chan^ when 
weimit? 



Water is nca only on csscinial com- 
nKNiity to samata life, Ind It hi ttiied 
ini«iicaltme« pown geoer^on, 
m^nifi^ioing, minii^(t reoeadoa 
and iranspoftaiionL 

Water is disiribiacd to users from a 
vari^ of sources ^ indiKte riv- 
eis, lakest and reservoirs (m the sur- 
face and weOs onferground. 

Water d^iacteri^ics may change 
during water unge. W^ may be* 
come Uulen widi bacieiia« dmii* 
cals, and ^^timem or imdergo 
tempenMure changes. 



4. Whtt can we (to idiom hami- 
fiil changes to water quaUty ? 



Hamiful changes to water quality 
are correctabte but wually u gretfi 
e?q)ense. Practical ways to mini- 
mize polhiti<Hi sdtmdd be emi^oyed 



Seeking Answers 



Use aiKiiovfeuals of laiderwater 
vcrtouuc sKnivity. 



Demoratrnte or experiment with 
denaaty str^cation in water. 



U5» to study o«an ciirrenis: 
wave umks Uwge aquaria) to 
dtaKHStratt waw Ktion; and au- 
diovisuals to tmd^Aand concepts 
ofdeep-oceaii circulation currents. 



Use mfl^ audiovisuals, and aiti- 
ctes cm cuxreot evmm to invesli- 
gate the inflirence of ocean 
dynamics on coastal areas, com- 
merce, and climate. 



Make observmiom about local 
water uses, mi ttrind^. Visit man* 
ufKtufii^ plaiKs, lecreatkmd 
areas, and docks or ports. 

Visit local water pl»MSt and 
serve soiuces used 



Visft owagc tiei»n«nt« fcwxl pro- 
casii^ other iiRhistrial pl^ 
to l^un idiout dianges to w ater 
ttomgh its use. Test w^r »miples 
above and below manufacturing 
plants along sifean»« 

Use audtovisuals m>d anides on 
cmreix evems to emphi^ize import 
ance of maiittaiiung water 
quattty. 
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Vfater 

Essential Questions 



Key Ideas 



Seeking Answers 



9-12 



A. Wbal is the water cydc? 
1. How does water cliai^ in 
the water cycle? 



2. How IS new water introduced 
into the waier cycle? 



Why ait the oceans impoftam? 
1. How do oceans affiect 
wealher and cUniate? 



In the waiCT cyctet water uwtergoes 
constant cbwges in loration, 
phase, and energy level. 



New vfmer is introduced into the al- 
mospbeie and hydrosphere by vol- 
canic activity. 



0:ean currerts* which transfer 
large volumes of waim and cold 
waters, profoundly affect woiW cli- 
matic patterns. 



Refer to standard laboratory' exer- 
cises in chemi^ and jrfiysics* 
which can illustrate the energy ex- 
clwiges letiuiied to produce ev^m- 
mion, condensation, 
pr^ipitation. Use midiovisuals to 
iUi^tn^ energy relationslups 
altmg a stream (funofif) and tt» in- 
fluence of gravity in |m>moiing in- 
fflltnition mni pressure variatiof^ in 
Eaitfa materials. 

Obtain data on water coiHent of 
locks and vdcanic erufHioos. 



Smdy the influence of the Coriolis 
effect on horizontally moving 
oce»i cmraits (e.g.. Gulf Stream. 
Kurosbio Cunet«). Use visuals to 
illustrate horizomal deflections, up- 
wel^gs, wd downweUti^ Vx 
l^bommy expcriiTOrts to illt^mte 
currei^ gwicnttcd by wind mid 
(teis^ differences* Plot major ctff- 
rems of the world m maps wkI 
globes^ Ult^ratt with the Ei 
Cunem the effect of ocean cunents 

ondimate. 



2. How do oceans affect the 
!^? 



Large bodtes of water, such as 
oceans, im)diKX a nKKtenuing ef- 
fect upm climate and aie responsi- 
bte fw erosion and itept^on by 
waves in coastal areas. 



Conduct labormory activity lo 
demoQstratt uneven bating of 
Imd versus water. See What Makes 
tfw Wind Blaw?^ Collect and 
graphically lepresem dtanattc data 
on inhuid vcfsua owtal areas of 
the same t^icvde. Detemiine die in- 
fluence of the Great Lakes. Use 
field trif^ or visuals or both to ob- 
serve effiects of en^iiiHi and depo^- 
ticm. Vx wave to demonstrate 
effects of waves on lAiores. 



3. How do ocems affect the 
composition of the atmo- 
sphere? 



Oaseous exduuiges between ocean 
warns aii^u Heir oripuusms and the 
atmrapbeit ^vralt in variaticHS in 
atmo8{teiic compcmtim. 



StiKly mectumisn^ of gaseous 
tninsfefs (imeractiiHis) between 
oceans aod the atmosfdbere. for ex- 
^miple. solution, evaporation, con- 
(tensation, pinitosyntbe^ia. 
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W^aer 

Essential Questions 



Key Ideas 



Seeking Answers 



4, What lesoimres were foimed 
by oickm ooems? 



5. Wbal rtswitces do pieseol- 
day opens provide? 



Many mineral, petxotetim, and gas 
resources were fonned in anctem 



oceaas 



Bodi leoewid^le and mm*fmewable 
resources anm from presem-day 
oceans. These resources incIiKte 
nuner^, energy, food* aixl driidc- 
t!^ water. 



Review origira of sedknentary 
rockSt ami t^dHilme rocks that imfi- 
cate a marine environment. Estab- 
lish current usage of rocks listed. 
Discuss distribuiiim of ancient 
ooe^ and seas. Study d^ories of 
oil and gas fomiation. 

Through library work and reports, 
team the scc^ of ocean resources. 



6. How does htmsan activity af* 
feet oceans? 



HumM activity af^ts the compo- 
siticm t^ ocem waters aid setfi- 
mems, thereby the ocean flora and 

fmma. 



Study effects of pcrfli^on on die le- 
^>urces iffemifiecL HoM debates 
and invite pdilici^ and industrial- 
isis to di»;u^ tsai^. Ornipt^ 
awmne^ letters for the media. 



C. WhM are the character^cs of 
s ub s ur face water? 
L How b mbsufface water 
stOTed? 



Huge aifiounb; of water are stored 
urMfergnmnd in the openings be- 
tween minera! and rock fragment. 



Cradua an experiment to (krter- 
mine the ponnuty of di^re!M*stzed 
paticles, such as smd, gravel, mar- 
bles. BBs, and the effect of mixing 
v^ots*$ized paitictN (varying the 
degree of sorting). Use colored 
w^ to e^d^Hafa a spumed zmie 
aixl waier table in a fl^ream td>le or 
wave UBdL Supptemeitt finding 
widi diagran» and videos. 



2. What ctMroIs the movemetx 
and ntt of mov^nett of std^ 
swface water? 



Movemem of wtosrfan wadter is 
coottidled by the imsuie gradieti 
and dte physkd wd structural 
propertks of the material dmnigb 
widcfa the w^er moves. 



DemimiaiBte or experiment with 
the relaticmd^ b^ween partick 
!dze, scmir^, porosity. perme^U- 
ity, capillarity, and stirface tension. 



3. How can substuface water 
re^h the surfiKse? 



er|c 



W^r from ut«]ergrmind siaurated 
zones comm<»dy reaches the sur- 
face cutturaily by giavity seepage 
and gravity-induced (msniie; less 
fieqtiaxly by local 1^ tenq^era* 
tuies at itepth (e.g., YeUowi^one 
g^sos); and by imm|»ng tmn 
wells. 
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ConstxtKt a model to illis^trate a 
water xsAAt, m ai^uifef, and an arte- 
sian syaxm. Using the model, a 
bene, gli» ttilHi^, denumtrate 
artesian pressure, and calculi by- 
dmlk grai&nt. Suf^met^ activi- 
ty widi giaphfes md vkleos to 
clarify occunraces of ^rings, 
wells^ ffld geysers. 



Water 

EssenHal Questions 



Key Ideas 



Seeking Answers 



9-12 



4. What cf^rob the quality, 
quantity, and availabiiity of 
subsurface water? 



5. How does subsoffacc w«er 
ii^ttm:e human activity? 



6. How does human activity af- 
fect subsurface water? 



The Sundance of uwtergrotmd 
water is directly related to dimatic 
factors; its quality and availability 
aie dependem upon the Earth mate- 
rials through which il moves and 
the possible influence of surface ac- 
tivities. 



Particulariy in arid and semiarid re- 
gions, the ttevelopment of popula- 
tion ccnteis dcpeiMls iqwn reliable 
sources of subsurface water. 



Human activities, such as agricuJ- 
ture, mamifaduring. roinir^ aiKl 
(bn«lopmeitt of pqwl^ion ceiSeis, 
demand enonnous amounts of 
w9ier and can produce dele»iious 
effects tqwo a stterafeoe wtfcr 
source ihM supports them. 



Discuss concepts within the water 
cycle, Md investigsAe the relation- 
ships between predpitaion and 
ev^jotnmspir^ion. Research 
gnNBtd-water conditions in semi- 
arid versus humid dimales. What 
pettxm of predpitatioo results in 
natoff versus infihraiion in each 
area? Test the hardness of local 
water supplies, and discuss the rea- 
sons for hardtoess »xi softness. 
Test water for poUutanis. Discuss 
mults. 

Invite hydrogeolo^ to speak on 
load aid regimsdi ground-water 
»Hq;>liea and uses. DeviHop a l«t of 
uses; Ittve auctents tn »anis of stu- 
deitts determine agricultural and 
urban water usa^ and how usage 
affects the water table. PlotdMa 
on maps and discuss. lovestigatt 
die leltfMH^p between crop disth- 
bution and water supply. 

Lead discusswi cm how subswrface 
water may be changed by poUrtion 
sources, a»Btnicti<m, |Mving. md 
overuse. Investigate w^er budgets. 



D. How is surface water distrib- 
uted? 

1 . How does precipitation influ- 
ent! the owtuience of sur- 
face waters? 



2. How do sneams and lakes 
daiige through time? 
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SufBcknt precipitsttioo results in 
waters flowing on the surface tai 
rills ajd valleys as runoff; as well 
as in ^tic accumuhaioas in trasins 
wd mas widi limited sk^. 

All bodws of sorfeoe w^ un- 
(tergo chas^ withui a cwnpaia- 
tively shoit spim of geologte time. 
Streams dtam^ in potion, gradi- 
ent, and discharge. Laka fin with 
sedimem and may become eutro- 

phic. 
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Study U.S. Geological Survey topo- 
gn^^ maps, and c^egorize die 
mufacx waer acaimulations noted. 
Take field trip to (^rve surface 
wtfeis in the local area. 

Use stream table acthr^ tooh- 
scive i»x>ces«s of erMiim and de- 
posbion. Use visuals employing 
animation to anphasize how 

and standkig bodies of 
ffater disige oven* time. Use mapr 
to stiHiy stresan chan^terisUcs. for 
example, meanders aod longitudi- 
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Water 

Essential Questions 

9^12 



3. How are surface and subsur- 
fmx9fmt related? 



Key Ideas 



Subsurf;^ water and surface wtf er 
form a cocritimiuin, each supfdy^ 
water u> the olfa*r. 



Seeking Answers 



lud and cro^-sedtonal profiles. 
Use ffcW irip lo enhance under- 
standing. 

visuals, sli(tes, and videos to 
show relatiofv^ups between ground 
water and sifffam water. Make 
tiB^eHdimcaisionsd models in pteu- 
glass; draw said iiMiiml two-ifi- 
mensknal dis^grama. Study 
topographic mufs to illt^nite 
qnmg*fed lakes and ssresans* disap- 
p^uriAg stieamst ml influent and 
e£Qiient c{»»litioo8. 



4. What are the effeoa of mov- 
ing ^iifiice w^r? 

a How does moving surface 
water modify die land- 
scipe? 



b. How can moving surface 
water be tised to produce 
energy? 



The kiiMic eiM^gy of flowii^ »r- 
face w^r causes the water to 
erode die l^Kkci^e over which it 
flows. When the level of kinetic en- 
ergy of a satmk diminMieSt the 
stream may ttopcmt ^dinmtt (m 
the landsciqpe. 



The kinc^ energy of cudiuniUy 
&>wingstiiiboe water be ccm- 
voted to power tiat^b the tise of 
water wheels md ti»r)»Des. 



l>isQi8S the leasOTS for vitiations 
in the kinedc energy of flowing 
water. Using a stieim table, exper- 
imeM witfi effects of chmges in 
slqie md yff^ volwne. Sttnly 
miqis to analyze where erosion and 
dtepodtiofi are tskin$ place along 
stiesm valleys. 

Cmdhtct a labonAory experiment 
on hydro^ciric pro(hn;tiim of en- 
Rra»n;fa looairas of hydro- 
electric plM. Determine if theie 
are amt^ or bistort local uses 
of flcwiiQwstfer. 
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5. How does surf^ water influ- 
ence human activity? 



6. How does human activity af- 
feet mrface water? 



Surfmre water bodies provide op- 
porturrities fm dei«^miett of pt^ 
ulation centers and industrial and 
recreational In earlter times, 
rivers and lakes provided major 
uanq>ortaiicm routes. 



Using surface water can cause the 
water to diange ctemically and 
pbyskally. 
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CHscmsftasonswi^ hidustrial and 
resttaiai devetofmun are closely 
assodirted widisurfitoe wmer. List 
the local mes of water, and phH on 
amap. Is there a fmttero to die in- 
du^nal, resMbMtal, md recresr 
tiofMd areas? Invite tecC i^lanner to 
spe^ to class. 

Use d^a on wsaer to explore 
ways a it» may change water's 
qu^y. F^rexampte, research tK>w 
muiacipalitk^ itsMaxes, recre- 
ation. »id indimry can ct^ge 
wsmer's quality. 



Water 

Essential Questions 



Key Ideas 



Seeking Answers 



9-12 

E. How do laws affect our i»e of 
water? 



F What hazanb are associaed 
wiA water, and bow can w« mit- 
igaie tbeni? 



Becmise water is vital lo society, 
laws are enacted lo mfaHmi» dele- 
leiious dianges in water's quality, 
quantity, and availability. 



Thou^ w^er is m essemial com- 
modity, its presence can become 
hazwious in micontrolled quactti- 
ties and quality. 



Emphasize local controls over 
water u«;. Invite oulskte speaker, 
and hirfkl debMes. Research differ- 
ences in eastern veisio wesiem feg- 
ulalions. States like Texas and 
New Mexico have different regula- 
Uxm concerning water use. Evi- 
uence of iIms difference can be 
observed tm Lsmd^ images. 

DiSK^ss lH>w gcoiogKal events, 
swii as erosion, flooding, ruck 
we^tttaering, sinkholes, and subsi- 
dence, can result in local hazards. 
Do flood prediction aclivily . 



G. What kinds of technology are 
used to study the hydrosphere? 



The importance of water to civiliza- 
tion has stimulated Ae plication 
of diverse technologies to under- 
stand the glc*al relationships 
wittun the hydrosphere. These ttdi- 
nologies include satellite imagery, 
Kiial photograi^. mamed and un- 
manned sidmierstbtes, aid sonar. 



Emimenae uid disans some tech- 
oologies tMseA to study the hydro- 
sphere. Include use of satellites to 
(^Hain dJia from ranote sites, ami 
1^ of nuxfem instnuneiiis to mea- 
sure soil moiiatiie. water quality, 
and wioer quality. 



H. What txKtts are avaiUd^ in 
the s&tdy of the hydrt}spbere. 
and wf^ other types of employ- 
ment require koowtedge of (tab 

disdpUne? 



Hydnrfogisis. hydrogeologists, lim- 
nologi^ and oceanogrq)hers pro- 
vitfe basic informatitm to society 
about wa»r or Earth. Examples of 
others who need m understanding 
of the physical and cbemical char- 
acterise of wmer and its na&iral 
occuntnces are farmers, laml de- 
velopers. envinnmKmal geoIogi.sts. 
marine biologists, mine openttois, 
waste dLsp<»al wd treatment opera- 
tors, poliiiciais, and city eogineeis. 



Conduct research on use of waiw 
by {HTO^toas, and invite guest 
^skios from among th<»e profes- 
sions. 



4t; 



I I 



Air 



Essential Questions 

A. How does weatfier dum{^? 
!. What is today's weather? 



Key Ideas 



Seeking Answers 



Wether describes whtf the air is 
like outskle sd a paiticuiar time and 
place. 



2. How does we^taer change 
frrai day today? 



Chmges in temperature, water cooh 
tern (Immidity ), {mc^italioa 
ctot^, and wimi era occur over 
dioit periods of time, lUce bmtrs 
and days. 

Weather <rfiseiv^ons cm help us 
predict weather. 



3. How does weather change 
fipom se^mi to season? 



Wemher also changes over long pe- 
riodb of dfoe, Ike mcMhs and 

mas. 
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Look U today's weather, and de- 
scriilK^ it, for example, suiuiy . nut 
suMiy, coKl warm, rainy, not 
rmny, windy, not windy. 

Draw a pfctute of today weather 
Laief in die day, draw anotter 
ttoe, especiidly if die weather tias 
changed Cmitpait die weallier con- 
dition defected in ttie two pictures 
to see if anything dianged 

Brmg m wether forecasts from 
newiqpqwis, m: write dk>wn fore- 
firom TV r^lio. Compaie 
these f€»ecasts with what aaually 
h^j^pened. 

Look n weather m^ to fmd om 
vfhm you live. Teacher makes a 
weather dmfi for the whole dass. 
ShKleitt mdce tfae»r own diails. A 
miidmtsn of five days and possibly 
%mal wecto woiM be best, with 
obsen^km made dmhig the time 
of 3«ar when weidx^ ctamges the 
most Wettfaer symbds on be 
used. GoiaH sudi ddogi as the num- 
ber of siio^ <%s, windy days, mi 
tdisxy dtaqf s. Use sui^ gcqte to 
suminaria Jalg. Comp^ class 
chart with stodbnt cbMs. 

Imegc^ m, mak. aod poetry to 
iUiattnOe Masonal dm^tes. Draw a 
picture of your favorite season. 
Compm and categorize the draw- 
it^ Be sure that all four seasons 
aze coQ^cteied. 

Draw |rictiiii» Of mate coUo^ of 
school yard or psjk for each sea- 
son. Cooskier the foflowiiig ques- 
tima: b the typical wether 
f(» lUs seascn? How (k> |ri«its aod 
ai^iials 4 to dys »(8»»7 
What do we uo during this season? 
How do we dress for this seasoD? 
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Ait 

EssenHal Questions Key Ideas Seeking Answen 

/r-J 

What kiwis of activities are associ- 
ated with this seasim? 



B. How does weather affect us? 
1. How does weailier affect our 
activities? 



The weaitwr Jetenuiiies if we will 
do indoor or outdoor activities. 



2. How should we dre^ for dif- 
ferem weather? 



The weather detemiines what type 
of clothes we decide to wear. 



Discuss what kinds of Uiiiigs you 
will do today. How does the 
weather affect your choices? Draw 
or msdce collages of favorite things 
to do on days with daffeient 
wether. What would your family 
do if they planned a pioiic imd the 
weather ctasmged? 

Refer to last week's wcaftwr chart 
to see how weather determined 
wbtf you did. 

Di^'^ what type of clothing is 
best for today'*' weather. Discuss 
whrt type of clottmig you wouM 
wear for a hut, sumy day versus a 
cold« wet day. For example, how 
do clotbaig col«, wei^ and 
itaduess differ for the two days? 
Make a collage of pictures of cloih- 
ing you wmiid wear for differem 
weather conditions. 



3, How does weather affect the 
way we cfesdgn our homes? 



4. How do 5W protect ourselves 
frwn weather? 



The weaAer detcmfiines how we 
iHiikl and fumisdi <Hif b<H»es* 



Wether can be dOTgtrous. We 
need to |mMct ouiwlves frrai too 
much heat, cdd, wiikI, siww, rain, 
or lightning. 



Bring in pictures of how homes arc 
built in wami versi^ wld parts of 
the ccmotry. Disctras the differ- 
ences- Disoiss how we change our 
hemes to acccnmnod^ seasonal 
cteoigN in wesHher 

IM types of dmigrrous weather, 
such as U^ttning, tornadoes. bli2* 
zards^ hufricanes, hail, severe cold, 
very hoi weather, fog, am} air pollu- 
tion. 

Prepare a weather safety booklet 
for your tmne ami imi^bb<^hood 
Cotxact the local Federal Emer- 
geocy M^nagfemem Agency office 
for informatson. 



48 



Air 

Essential Questions 



Key Ideas 



K^3 

C. What is air pollutioo? 

i. Wlat is in airio m^e it diity? 



Dirty air is air thm contains moteri* 
ab tbat are hannful to livoig things. 

Dirty air may took clean. 



BrainAonn md discuss questions 
siKrh as the following: What ihin^ 
are in dirty air? What pl:M:es have 
really dirty air? Can we always see 
dirty air? How do we know the air 
is dirty? How cu a Mind peison 
tell there is smoke in the air? Wi^ 
onttbeattKtoiKiseeHig it q^ena 
btmk of peiiume or wylhing with 

a Aroi^ odor, Asdc the stiKfenis to 
cteoibe the air in the classroom. 
Can you always see air i^Uuticm? 

Cover squares of stiff carxiboard 
with vsB^eline, and teng outside m 
dilfema areas* Mid» <rtwfvations 
over a period of tkne, and classify 
whtf you see. Locate oewjqjapcr 
ud magazine |^cturt» of dirty air, 
ormd^e drvKrings. 

Write d>oirt such ideas as "If you 
weie a bird, wheie ^^^mld you lite 
to IhreT' Give reasons* 



2. What causes air pollution? 



Humans and natural processes 
change the sometimes causing 
airpoUtttioo. 



Cons»fer what iMnp jnit anoke 
and odier poUutitm into the air. Cut 
pidtuies firmi magazines, md make 
lists. 



Disctiss what we cm do to keep 
theairdeaa 



3^ 

A. What is special ab<Hit the air? 
1. WlM th> our sen^ ttD ts 
about the air? 



Our senws allow us to feel changes 
in wetfher. Our setws detect 
tMngs that air canies from place to 
pim^e. 



Use your senses to c^rve 
wesdber variat^, such as tempera- 
ttne» lumiidity, dkmd cover, suid 
wiod^ieedmddisectfon. Use your 
srases to detect pol^ smoke, md 
somid. IHicm tow you cm ex* 
tend your setises to make and re- 
cfxd oteervMiofs. 
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Key Ideas 



Seeking Answers 



2Whati.aUmadeol7 ^^irT^j!^J^fZ Sndk. SdS^crve wtal happens 

Zynmfsm primarily of niW>l« and oxygen. the flame. Wscuss why Uie 



3,Wl»tocedsair7 



B. How docs weather change? 
1. How do we know wtoi 
westber chafiges? 



2. How can we measwc cteng- 
ing weather c;»»liti(xis7 



3, What effect does sunlighi 
have on weiriftiei? 



4. What effect do mountains 
have on v^ather? 



5 . What effect do oceans have 

(HI 



Aif is es.^lal for life. Animals 
need oxygwi. and plaias need caf- 
bon diowde. Banmig requires oxy- 
po. Engines use oxygen. Air is 
neettedforfliS^ 



We can our senses and instiu- 
nieots to ten when weather coodi- 
lioos diange. Changing weather 
cooditiocs iodude mam and 
type of piec^ttrtion, wind speed 
and direction, cloud cover, lemper- 
anire.andhunud^- 

Weigher rwamnenwrts am be 
made by using ihennomeieis for 
meffituring tonperatuie; rain 
gai^. for piwHiNttaion; wiwl 
vanes, for wind speed smd direc- 
tion; hygfometets. for humidity; 
and b^romeisrs, for air jHessme. 

Sunli^ affects air. Imd, and 
v¥^r tempexa4uie. Sunlight affects 
ev^KMitfioo mte. Sunligla b ^ 
sorted diffMcialy hy diffeteia «>1- 

WatN and land beat at 
differem rales. 



ERIC 



Air expmds tend cools m it moves 
over tnouniains. which increases 
the chances of predpftation. Piec^ 
itatioo occurs more often on ti« 
side of the mountain tange where 
the air is lifting. 

Ocetms are the source of most 
wattr vapor In the atmo^^re aid 
provide a modeiatlng effect on tem- 
perature and dima». 
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Study Iww the lack of an wtmo- 
spheie 00 the Moon causes the 
Moonio be different ftwn the 
Earth. List uses of ^. Experiment 
wiA paper w biEdsa wood fflijrfanes 
to dK>w how »r ewMes flight 

Read, Usten to, or view local 
we^r reports and forecasts. Dis- 
cuss how to prepare and protect 
yourself from hazardous weather 
events. 



Mito or p«»diasc Hisiniments to 
measure dirages in weather. 



Measure awnperanire differences 
between areas and <*jccis in sun- 
and in shade. Use differeiK- 
colored cans to investigs^ 
setedive absofpUoa of energy. Ex- 
periment with beating of soil and 
water n^ a Imap. Measiae tem- 
peia&ire in vaifotts local eoviiott- 

menis. Experiment with 
evapoitfionrBte. 

Use m^, charts, and auUiovisoals 
to dlm^ how mountain ran^ af- 
fect wes^r. 



Use ma|», charts, and audiovisuals 
to disctia ocean effects on the 
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Air 

Essential Questions 



3-6 



6. How db cbttsges in die 
»»» affect weather? 



C« Whstt ciBi we lesn froni 
weMfaerrecMb? 
1. Whtf cm be teamed fioiii 

wetiher lecoids where we 

live? 



Key ideas 



Omiges to the teigth of die dqr 
and the angle of Sun above the • 
horizon c ause ^a^mai di»iges in 
traipemure, amoum of piecipita- 
tkm, diiectim of wind, and type of 
piecipitation. 



Weiaher infonii^ion collected 
over a period of tiroe cm show pat- 
terns. These westtlmr p^iems in- 
ctiMle traqpt^atue rmges, 
piec^Htatitm tjrpni £rost data* wHid 
diiectioD« md air qualby readii^. 



Seeking Answers 



Develop a class pmjeci to study the 
diffeiem dmiges in weather 
limwghiHit die year. Keep tr^k of 
time of »mrise and sunset ut differ- 
ent times oftlw year, CH^serve 
changes in the Sun*s angle atK)ve 
the horizon M nom during difler- 
eot times of the year. 



Gather data fnmi local meteoroio- 
gk$ts and odierscwrces, such as tN 
National Oceanic mi Alnio^heric 
Administimioo (NOAA).^ 



2. What can be leuned from 
weather p^ems of various 
legiois? 



D. Why do we need to be incieas- 
ii^y amceined about ifae 
Eaith*s rnxosfbtstl 
1. Wl^ do we nml dean air? 



2. Whftt can be done to provide 
clever air? 



Weaiht^ information has been gatb* 
eied rver many y^us in mmy dif- 
fef.ett suDeas. Thte inftmnation csn 
be tised to estd>lUi wether pa* 
terns. 



Climate is a wemher pi^tem thftt 
occurs over ahmgp^odoftiMM 
in a paiticuls' legioa Clfani^e is 
not the same everywhere. 



Ckm air is needed to emufe ufq>oI« 
luted piecipitation; to maintain 
good heal A; aad to {m>vkle f(Hr 
goodviaiUlity. 

Oejme r air can be adiieved by 
burning lcs& m^riab; dsoosing 
cfemer fMs; using energy mtne ef- 
&^iKiy; and {Mractictng energy 
coQserv^ioflu 



Describe bow peo|^ dress in yotur 
aieactMiq^aied to how people dress 
in dilfef^ aieas of the U^. and 
the worid. O^r smd stilly long- 
tttnai wei^ier diaa fipcmi several 
widely sq^ted areas. Enamine 
similarilks wd diffinemes of local 
weather patteoK ccMnpated to other 
areas. 

Study hL^orical examples of 

in cHn^. Use globes, 
m^« and dam to find regions 
with ciimates similar to and differ- 
ent from die local dimate. 



Conduct acid rain experiments. 



Use audiovisuab. and di^uss medi- 
ods to reduce % pollution. 



ERJC. 
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Air 

Essential Questions 



Key Ideas 



Seeking Answers 



3-4 



3. WInt the greenhouse ef- 
fect? 



6-9 



Oabtm dioxHte mi ofher goes 
SBch as water vapor and methane 
in the lower atmo^f^ie admit the 
Stm's radiation but abmib the 
Eaiih's renklitiioo. tinis wuming 
the lower atmosphere. This res^ili 
is imown ^ the greenhouse effect. 
By odessmg die amouni of car- 
boa dioxitte and other gases in the 
air tfutws^ activities sodiia burn- 
ing of fossil fueb. tMsnais are 
largely re^KNisible far the greeo- 
Imise effect pt^ibiy becoming a 
pR^idem. 



Do an activity to tUmtntfe ttw 
greenhouse effect. 



A. How can we itesoibe the lamo- 
i. What is air made of? 



2. How do« the atmosphere 
ciiange with altitutte? 



B. Why does weattwr dianf^? 
i. How ctoes we^Hhor affect us7 



2. How can we ohwive wether? 



3. How cm we dta]day wether 
ditfa? 



ERIC 



Air contains a v;iritfty of gases, 
dm, wd inher solid paitides. 



TTic eternity mni pressure erf ihe 
mospbere ctecieases as tbe atiiiiKfe 
iintases. Otbe^ ctmracteriA^ 
the aimospfaeie, sudb as tempera- 
ture« wind speed and wind direc- 
tioo, mA dxmkBl om^x^iiou, 
aiso chai^ widi aliitide. 



Weailw aflecfs our per^d, so- 
cial aod commeicial activities. 



We UG» a variety of tedmitpm md 
tiBiniiiieim to observe ^n^atter. 



Weather imps cati be tmed 10 cte« 
soibe ««aiher over a large or 
small area 
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Use graf^ to siww the reJitf ive 
^ynount of gases foimd in air. 
Demooanife how aclotMl fonns 
and bow water i^por ki a cio(s^ 
ctnttaioer cat^ steel wool to ntst. 

SttNty imw presswe, ftnq^erature. 
aod tte^ty cbaage in tbe tropo- 
sqi^iete mdstrstt^^^bere. Disciiss 
the oicme layer suid jet stieam. Dts- 
cws bow ahimeters and barome- 
ters wodt 



Disoos h^ dmngtA bi lempera- 
tm, pmsWf humidity, and pre- 
c^ni^km affect IMmias how 
po^ittiaUy tttzwkna eveutt* such 
aalis^tto^ bmiadoea, and burn* 
caoea* affect to* 

Keepd»|iy itcofds of ck^ types, 
tra^matme, pessme, »d hiunkl- 
tty. iiMitmiMas sudi » a 
nnntter, m e m oin et er, and ding 
{Mydmmieteff. 

Sm 8 wetther ^tttai. (XMeerve 
TV weslher npofts tanA siaelUte 
pton^gn^^ Omfluwt local 
^n^^sther mapSf smd ^mly VS. 
weattier anaps and ntaAtm models. 



4Q 



Air 

Essential Questions 

4. What causi^ wcaihcr lo 
dvnge? 



3. Ho9r can we imxiia duu^ 
io weaiber? 



6. Why dk^es weather diuge 
wHbttestasns? 



C. H(»w can we tnvesti^^ dimateT 
1. Hqw is cjiniaic dififeieiit from 
weiihei? 



2, How (foes climate claase 
£rpm place to i^iMe? 



3. Whtt evkfence is ibeie tiMt 
cf tmatt lias dmo^ tfan^gb 
tte^7 



Key Ideas 



Weat!» di»|es as a residt of die 
inietadiion of monimi air masses 
Iffoduced by uneven hewing and 
cooling of die Earth's surface. 
Load tof^gn^y and local air ctr- 
culttion p^ten^ also cmise 
maibn'tochmge. 



By (rfysenrkig a v^iety ot wesAlm 
cooditicms over im^ and i^ing 
com{wter nuKtels (Nwiericd 
We«ber Piediciim}, it is pwsibte 
10 e$l£d)lish weather patleiro and to 
jm^ct we^r 



Wembar ctenges witfi the seasons 
becme of die tilt of the Eaidi's 
axis, the levcrfiiiim of the Eaidi 
armmd die Sim, and nnadcm of the 
EardiTb^ &ct<m affect the 
Ittigdi of di^s and oigbts imd die 
aiqttettfdr Sim*s rayscmagtven 
locmiOD dnou^ioui die year* 



Weadicif describes the aimo^riienc 
cooditiOTS A a {miticular time. 
wUte chm^ lefeis to kmg^rm 
weadier|Mitenxi. 

A v»tety of <Ktofs determine the 
clim^ of a pstknlm' loc^cm* 
ScMnae (rf diese Eactoxs indu^ lati« 
tude, etevMira, ocem cuimtts. 
mouittain rragc^, md global wirnb. 
Cc»nmcm factors imd toifelhie cli- 
mate 2cmes are lemperstuie, mms- 
ture, and ve^^etation. 

Both f4iy5»cal (glacial deposits) 
and biological (trt^od plam fos« 
sib in far noithero regions) cvi- 
dimx show dial c&m^ has 
ctanged over long periods of dme. 




Seeking Answers 



Do iabc^ory activity on chai^ 
instate ctf w^r« dxak md li^ 
faces, aid heat atisosption of Imd 
and witter. Study diflTerem iiiettioils 
of hett transfer (cc»idiK:tion« con- 
vectim. i^ation). 



PrsMice piedictiiig the weadier, 
baa^ on (rfiseivaiiM <tf local or iv- 
gional weather daia. Use U.S. 
if^ber ma^ to study wesaher sys- 
tems a few days to tiy to pre- 
dict die wesaher. Do Ubrary 
research oo die use of omiputer 
modeb and odier technology, 
sucfan Dqn'^rnHtar.topftdict 
weather* 

Set op mocfels to die Earth's 
rotation, revohitkm around die 
Stm, tilt of axis, day and nigld, md 
ai^ of iDcfcfeitt stmligld. Do a 1^ 
mrnoiy acthriiy todNiw dmt d» 
chaogii^ angte of die Sim*s lays af- 
fects die nmoma of energy ab- 
sotbed M a givm bnr^icHi on &mh. 



Investig^ long-temi weadwr pat- 
terns for diffintmi areas (tf sitte, re- 
gion, U.S.,andwc»kL 



Stmly the e0ect of facKHS influenc- 
ii^ cUiiitte* IiiveAigaie die ctimaie 
of Kveial continei^ to (^rve 
gloM cUmaie patterns^ 



Study the eviileocc for climate 
change throu^ fossils, tree rings, 
ice ages, «id mttaeQiogy. Study 
local sites if possible. 
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Air 

Essential QuesHons 



Key Ideas 



Seeking Answers 



6-9 

D. How cMi the atiw^here be 

1. How is tbe ittmosi^fe 
changed by natural evems? 



2. How do we change die ^o- 
sphere? 



A number of naturally occuiring 
e^MiMs can affect the almoq^re. 
These events include virfcanic enip- 
tions, forest fires, dust stoims, 
oam cuneids (B Niflo). and sun- 
spots. 

Humans have changed the smno* 
spheie by burning fossil fiiels and 
releasing g^es mch as chlwofluor- 
ocaibcms (CPCs). The Mlivities of 
plants and animals can also affect 
the aimosi^fe's ctm^ositifHi. 



Investigate how natural events af- 
fect the atmosphere. 



Develop activities to team about 
the giceiriiouse efCect. CFCs and 
the ozone layer, tbe effects of laid 
use aw! (tefwestMioo, and the com- 
busticM of fMSil fuels and wood. 



'-/2 

A. What are the characteiisiics of 
the atmo^ribere? 
1. Wlat is die comp(»itioii of 
the atiiK>sphne, and what en- 
ergy exchanges take place 
there? 



2. What is the importance of *e 
atmosphere's layers? 



The atmosphere is a mixture of 
gises duA id)sorbs. transmits, re- 
flects, and leradiates solar energy. 
The compraation of the atmosphere 
has chsiged through geologic his- 
tory. 



Tbe atmosphere is relatively thin 
compared to the Earth's (ten- 
sions md ppovkks life on Earth 
widi a {Hottctive shell agakisi 
harmful solar radi^ioo. The four 
layers of the atoKsphcre m de- 
fined by a temperature profile d«t 
ctanges with aliitu^. The lowest 
layer, the tn^K«q[*e«, o where 
most weather occurs. It also coo- 
tidns die gases esseatid tt> lift. The 
layer above die troposphere, the 
stratospheie, coiaaiiB the highest 
concentiation of ozone. This gas ef- 
fectively absorbs ohraviolet radia- 
tion from the Sm. The mesosphere 
and dieimoq^iere abo ioteract 
widi soltf radiittiwi but have less 
direct effect on life dian die lower 

layeis. 



Study die heating of buildings widi 
solar energy. Danwistrale the 
gitenbouse effect Do a laboratory 
«;tivity sdwwmg tto the rtmo- 
^^lere comains oxygen, smd find 
the relative amount of oxygen in 
the air. Do a IMxiratoiy activity 
widi Mack aid silver cans to :ihow 
die ififi ewn ee s in fd>»MiHion of 
solar r»iiatioiL 

Study ihe dwracieristtes of the no- 
posphere. str^osphere, meso- 
sphere, and ihemtospherc. Use 
diagrmns aid doits show die ai- 
titwk and i^aical characteristics 
of these iOmc^Aeric layos. 



Air 

Essential Questions 

9'i2 

3. How do Eaitfi and life cyctes 
afleci die atm(»^[rfiav's com- 



B. What is weather? 

1. How is wafer in die amo- 
sq^me iela«Ki to w«Htier? 



2. What do differait types of 
cImRls indicate abotrt 
weather? 



3. Wheve and how ito low aod 
high fnaaat areas develop, 
and what makes ihem rotate 
and travel across the Earth's 
smfmxl 



a. What m^ces ite wind 
Mow? 



b. What changes occur n 
weather frnits? 



c. How do geogn^rfiicie- 
gioiis and ^KmitnjAic fea- 
tures affect die develop- 
of {Hesaiie systems? 



Key Ideas 



The stmog^re interacts with the 
Earth's cmst. water, aid Ufe. The 
chemical imeiaction between thr?* 
qjheies mclude die rock cycle, 
water cyde, oxygen cycle, caitoo 
cycle, nitrogen cycle, and sidfiir 
cycle. 



The i^yacal (nopenks of w^ 

atxl hs dnindwce bai^ sipufhaut 
effects on weadier. Water can ab- 
sorb and tr»isfer tiemei;ijiis 
amounts of heat energy, parti cu- 

lariy during changes ki phase our- 
ing evaporation and concfensation. 

Differeitt types of chwb can be 
iMefiil in studying and piedictoig 
the weadier. 



Low and hi^ piessuie areas tuive 
a significant effea on weaifa». The 
rot^ra and tr»»vei% RKAim (fe. 
petd tm tfieir l^tinfe and pievail- 
ii^ wind bel&. 



The wind Wows as a result of dif- 
feiemid hemii^ wUcb lestdis m 
diCfeieooes in atmo^Hiefic piessuie. 

Weiaher froQts aie boideis be- 
tween air mmses of diffeieot too- 
persture anl mt^aure. Chnges m 
weather and possibfe predpitation 
are associa^ with wether ftoias. 

The develc^effl and moinfenance 
of a {Hessure system is dgnifi- 
candy afieoed by elevation of land- 
fbims, lite mountain r^ges, aod 
the extent of auface water bodies, 
Uke die Great Lates and oceais. 



Seeking Answers 



Study the role of the atroosphete in 
each of die Earth's major chemical 
cycles. 



Do activitKs dat show die import- 
ance of ccmdeisadon mictei aod 
the latent heat of evaporation. 
Demonstrate die reladcHBhip be- 
twe«i (tew pcw«, cmxteisation, 
and rdMive hmnidtty. 



Snidy die (Sffeiem cloud types and 
how diey are related to different 
forais of weather. Indude activities 
tim involve ohservmg local clouds 
over an extenfed period of time. 

Study die rotational pattenv of 
high and low presRue areas and 
tiKir roovemoit across the Earth's 
suiface. lociw^ die stwfy of jet 
streams, die CoitoUs effect, aod lat- 
itudinal Ugh and tow pressuiv 
areas. 

&wfy die Eaih's t^sim of inevail- 
ii« windi ^ their lebdofsl:^ to 
weaher patient See W/m Makes 
the Wind Btowr 

Select activte diat nse weadier 
nuips «>desaibe we»faer condi- 
tions for cold, wann, ocdiated, and 
statiooary froois. 



Use laboratoiy activity to show die 
differential beating rmes of soil 
and wjaer. Oiscias orogn^ihic ef- 
fects, aod show bow bodies of 

water act as heat sources acd heat 
sinb. 
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Air 

Essential Questions 



Key Ideas 



Seeking Answers 



Ma 



4. How m wetfber forecasts 
piqpaied and used? 



5, What m dxmospb^c haz- 
aids? 



a. Under what cifminsiances 
do atmo^Tberic hazaids 
(fcvdop? 



b. How cm we protect our- 
selves from atmo^rfiehc 
ha2;anis? 



The oteenriaic^t measuremetM, 
mi dialysis of tte samoqrtiere are 
the twuis piepariiig wealhcr 
foiecasts. Receiu advaiK^ in tech- 
nology, such as ccmiputer modei- 
ing, enaUe u:* to make bmti 
foreca^ Wcaihw forecasts are 
used in aghcidtim, avimioot cmxh 
nieroe, as well as ft>r use by the 
media ami graend pcpui^OTL 

Atmospheric conditions that re- 
quire special precautions fof piblic 
safety oftm develqp . The charK- 
teri^cs of these weather condi- 
tions vary greatly and may be 
iffemifkd with seascMis, 

Atmos^Theric hazards, like severe 
ttmndeistorms^ totmdoes, tmr- 
ricsBies, are assod^Md with the de- 
veIo|mieflt ctf sigiB&am low 
pressure centers (cyclones). 

We mum be aware of the dangers 
involved with em^ type of atmo- 
spheric hazard. 



Make daily weattier measurements 
over m exu^nded period of time, 
and note the specific weatlier condi- 
tions. Practice making weutlwr 
forecasts by studying past airf pres- 
etMt weatlier comliltons. Do library 
r^arch on Numerical Weather 
Prediction (NWP) models. Study 
how weioher fbrecs^ are used. 



Sludy the weather coalitions th^ 
are related to poUution, lightrung, 
hurricanes, tOTKKlocs, freezing 
rain, thunderstorms, blizzards, 
heavy rainsiofms, microbursts, 
wirxl shear, and luul. 

Keep a bulletin board with newspa- 
per dipimigs of weaober events 
that refuted io AmoqAeric haz- 
ards. 



Study the safety gnittelirm in- 
volved with weather ccmtitimis 
tteu impt^ a poientiid danger to 
peqrte. Include tof^ such as wind 
cMU, heat exhausttoti« and 
hypothermia. 



C. WliM is lur quality? 

1. What affects air quality? 



Z What are inversioiK? 



ERIC 



Priw to the of foisil ftiela, 
chemicals lite cldorofluorocarbot^ 
(CPCsK mA die wictopread cultiva- 
tion of Imid by hiunais. air totality 
was affected intennittently by oalu- 
ral pbenomo^, volcanoest 
SouM fir», aiKl dust stomis. 



In typical weather conditions in the 
trop(^^>hefe, air near the Earth's 
surface is warmer than air above 
the surfiKe. In siHTtt cases, how- 
ever, air near die surtax may be- 
come coolw than air above. This 
iovetskm may be caused by cooler 
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Smdy the vioious tmtural j^nom- 
ena that af£ecl ^r quality, such as 
vdk:anic enqnions, dtm, poUea 
evapofMitxi, |»ed{ritirtion, forest 
fire^ and OTpi^ processes. Also 
sAttdy Imtim activities thirt affiect 
air quality, such as induMrial poUu- 
tar»s, cotnbt^on, indiKling utter* 
nal ccHnbmaitHi taogtoes^aid 
ctdorofluorocaibofui (CFCs ). 

Study the condititms tibat cmise tn- 
versioiB. 



CI 



Air 

Essentud Questions 

9-12 



y How cm we imasure air 



4. How cao we improve air 



D. How do we \mtS&f^ dim^? 
How me dimitt zones aim- 
Uaraoddiffeient? 



2. How does climate coimoi the 
geographic itofibotkMi of 
vegeittlra? 



& Wteft caieers are availabte io ilie 
Audy of the ftuno^irfieie, aod 
what <^ber types of emj^oyment 
mpiiie knowted^ of tlw dis* 
c^iliiie? 



Key Ideas 



ak moving iolo an aiea (K* by lur 
coding in plKe, An inveision le- 
suits in tess mixing of mr and cou- 
tritm^ to more concentrated 
pollution levels. 

Air quality is n^^ured tNwgh a 
v^iy (^i^-sraipfui^ ted^^fws 
ttot n»i»uie gaseous composition 
and particulate matter in the ^mo- 
sphere. 

Air (^ality can be improved by re* 
dudng pmkuiate mud gaseous 
end»aois eiMiteg dbe ^u^rine. 
To reduce these ^issdons, wc 
need tt> mvestigaie ways to con- 
sent eoeigy. t»e d^mate, n«ew- 
aNe f(mns of migy, md provide 

clean innmng of fossil fiids 
and waste mmeriab. 



Climate zones can be compiled by 
i^ic^ dfanme cl»sifici^<m s^ 
tems Imed on averaging factors 
like pftc^u^on, tempertfrne* veg 
etittkm, and pt^emid ev^Mra^* 
rsoioa Temis like tn^ilcd, pcto, 
femnki, ml arid aie commoftiy 
is^ to demibe cBmate xoiM. 

CUmaie contrds s<^l types, mois- 
tme av^U^lby, «mI ten^er^it, 
as well as tbe id^Uty of crops wd 
(Hfaer vegttmion to adiqH to vamm 
temperaturesL 

Mete<m>logists plher and dksemi- 
nate infimnaljon abmit tbe atmo- 
sfrfbere. Exm^lc^ (d Mhent w1k> 
lequiie knowledge of tbe mmo- 
spium and weMhe^a)«tttioi8 are 
fanners, aviators, and sailors. 



Seeking Answers 



Do laboratory activity cotteding 
psnicuhMto maner. Check with TV 
sHltaioos d>out tectsuques lor as- 
^ssing air quality. 



Discuss different local and regional 
air cpiality proUems. Write re- 
seach ps^ier as a prqx>$al for im* 
proving air quality in local area. 



StiKiy a wc^ mnp stowing cli- 
mate zcmes. Study the climate m 
aie^ similar to md differem from 
the locd atea. Omiime thsc effect 
of (fiifeient variiiddes m the cli- 
mate of an area. 



Study die various cwp^ plants, 
and trees thm am mirrive in differ- 
ent climaies. 



Invite as a guest speaker a local 
TV weather peisM ormetrarolo- 
g^ OiK^ bow we^r infomia- 
tira is used in difiinrat employ- 
mem areas, such as agriculture, in- 
cfcouy , aviaticm, and m»ine openh 
tikHis. 



ERLC 
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Ice 

Essential Questions 



Key ideas 



Seeking Answers 



K-3 

A. Wbeie do we find most of the 
Eaiifa's ic«? 



Ice is found near rfw poles on laral 
and in the ocean. It is also found 
00 high mountains. 



3-6 

A. What are the characieiisrics of 
ice? 

1. What hsppeos when water 
freezes? 



2. How does ice fonn? 



B. What are glacwra? 

I. Where are glaciers found? 



2. How do glaciers affect tl» 
Earth? 



Water expands when frozen. Ice 
floats. Ice is a change in physical 
state bom liquid to solid. 

Ice forms at O'C. Lake ice fomts 
top to bottom. 



Gt^ieis are large bodies of mov- 
ing ice fomxl tm Imii j& l&gh lati- 
twles and hi^ elevations. 

Glaciers scour, scratch, move, and 
deposit materials of all sizes. 
Water from melting glacfers flows 
iitto rivers, Wbes, oceaM, and the 
groiHid. 



3. How do icebergs fonn? 



C. WTiat were the ice ages? 



ERIC 



Icebe^ aie large m^ses of flossy- 
ing ice, Tlicy are foimcii as gla- 
c WIS a«er a body of wRto: and 
brefdc apaft. Icebergs float with 
most of their mass bdow iht water 
surface. 

The ice ages were times of exten- 
sive glftdal i^vtcy. Glaciers 
moved forwafd wd melted back. 
Sea level chan^Ml as glackrs 
iMlted and Croze. 

Different life foims exis»d during 
the most recent ice age. Some life 
fofins became extinO- 

58 



Give example of ice and snow 
fh-ni your own ej^rience 

Bndiistonn where ice and snow 
may be fouoKl year-nwind. Use vi- 
«ial ai(b to show poUr regions and 
gibers* 



Measuie the level of coW water in 
a cofltaoK^r before and after fieez* 
ing. Demoostrale that ice flouts. 

Demonstrate how wjttcr freezes 
fran top to boticmi. 

Use a variety of visual aids to 
study glacieis. 

&q>erimertt with moving and melt- 
ing ice in stn?am trays. Use maps, 
vkteos, and diagrams to contrast 
featuies fotmd m areas of pr^rrt- 
day gladatitHL Study gtoiated fea- 
tures of varicms legicms of the 
world* 

Use aiMiiovisuals to dtsciss iceberg 
foim^m and hazanls to ships. 



Inve^ga^ the histoiy of glacial pe- 
m)ds« V^w lOKitovisuals of gla- 
ciers and glacial cteposits. See 
Evidence for (he Ice Ages. 



ExMiine pictures of extinct life 
forms, such as mammodu^ and 
mastoikH^. \JA extinct life fonns. 



Ice 

Essential Questions 
3^ 
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Key Ideas 



Ice ages have occuned in different 
paits of the Eaith at ditTerent times. 



Seeking Answers 



A. Hovr does ice orr ir on Eaith? 
l.W!iciclsic»-:aiid7 



2. What {mm does ic^ take? 



B. How can we investig^e gla- 
ciers? 

I. How do glsKTtefs foml 



2. How do glKsers move? 



C. How do s^eis change the 
Eanfa? 

1. Wlai l^iqieiis wbeo a gladcr 
sufvaiices? 



2. What hjiy^os whra a glader 
melts? 



3. What is the evidence that ice 
ages have occuned? 



o 
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Ice is firand on the Earth in a vari- 
ety of cmditioffii and locaticms. 
Year-roimd ice ts found m high lati* 
nxtes t^ar die poles and at tugb ele- 
v^uicKis at otter la^tudc^. 

Ice occurs as glaciers, icebergs, sea 
ice, in pennaneittly iiozen 
grotmd. 



A glacier foims from die ^ tumula* 
tiofl of lar^ masses of sik>w. Con- 
tinual accumulMicHi and 
comfwticm of this »iow fbims ice, 
whidi moves luick^ its own wei|^ 
The extent to which gl^tos form 
d^mis upon cUmatt;. 

Glacfers nH>ve as a lesidt of grav- 
ity. The giea^r the thidcness md 
slope of a glacier, the foster it can 
move. 



As a gtecier advaiKes, it can create 
a variety of landfomis through 
si<Mi and (^K)siti<HL 



Melting glaciers leave depc^its and 
produce or affect water sys^ms. 



Sciendfk evtcfence, sudi as gladal 
(tepc^tt and landAmns, mki <hta 
cdfecmd firom aicfa^li^al si^ 
show dmt continental gbdeis have 
covered large regions of the Eaitii 
and hi^ cfaai^^ sea level a dif- 
fiBiem tiuMM in die piER. ^ ^ 



Use tn^ps and glohes to study ice 
in the Arctic, Anlarctk, and alpine 
regicms of the Earth. 



Develi^ activities to help under- 
siarKi permabost, glaciers, sea ice, 
icebergs, and siow Mete. 



Study how rccrystsdlization of 
snow, gravity, and climate affect 
tiie fetation of glaciers. 



rHrmoimrate Silly Putty on a slq>e. 
Study the rate of movement, flow, 
wasting, md equilibrium of gla- 

ckrs. 



Use field ti^, at«liovteiials, mrfi 
modeb to show 1k)w gladers can 
produce U-shqped valteys, cirqt^, 
moraines, striationst md dmmlins. 

Use field trips and awtiovisuals to 
show memoes, n^ltwater, wi- 
w^ wad Itks^ pfodt^ by meh- 
ii^gladeis. 

Stirfy the evidence of ice ages in 
texts or aucfiovisuals. 



Ice 

Essential Questions 



Key Ideas 



Seeking Answers 
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D. yf\m taomces result from gla- 
datiim? 
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A, How dtocs ytar-iowid ice affiN« 
the EtMtii'ssuffMe? 
1. Whst causes ice to flow? 



2. How does the movement of 
gtecsets affect the suifKt 
over wtttch they flow? 



3, What ore some surface ef- 
fects of peimaGrost? 



Glaciation has produced 2^ variety 
of lesouices itatt we um. Th*9e re-- 
sources include soils, sands, vnA 
gravels, 9S well m Isdtes and 
ground-water aquifeis* 



As ttuck masses of ice (glaciers) ac- 
ctanulaH; (t)K)ussaxb of feet) oa 
laiMl they wiU move either 
downslope or outwardly by plastic- 
like flow of the ice ml slippage 
due to witer io the ice. 



MovemeiM of glaciers over land 
surftK^ lesuhs in the fomiaticm of 
characierislic eiosiooat and cteposi- 
tional featuies. 



In areas of permafrost, unfa^i^ly 
{itemed gioiuids« ice mounds and 
wedges, thaw basins, sml 
flows aiefoimd 



StiHly local features letaied in glaci- 
ation. Stwiy the eflects of glacia* 
tion on the production of sand, 
gravel, and soils* 



Sfwty the prc^nies of ice, and ex- 
perimem with ice deformation. Re- 
search the conditicms prevailitig at 
the surf«:c, the ii^iior, and the 
bsM of an ice sheet. Imroduce 
stitsS'Strain diagnm^s to illustrate 
ctemges in ice timler jmswre. Ex- 
irfore influence of temperature, 
thickness, grwnd diape, and rough- 
ness on glacial movement. Supple- 
mem discu^ons with slides aycui 
films. 

Use vimals lo iUustnoe unique ef- 
fects of ^add ^osiim in mouittain- 
ous and non-mountaiiKms terrain. 
Show md discuss effects of ice-de- 
posited features* Study maps of 
gladittd regions. 

R^mrh peimo&mt, md tllustiate 
surface features with slides or mov- 
ies. 



B. How can the cryospheie change 
overtime? 

1. What would cause the 
afiK>unt of year-mund ice to 
decrease or increase? 



Long-term changes in solar radia- 
tion n^diing the Earth's surface 
(ir^d^on) would alter the volume 
of year-rotmd ice. Changes tn the 
vohime of glacial ice would result 
in global changes in sea level* 
weather patterns, and climate. 



DiKQ» possible cwses for varia- 
titHtf m insirfatioDsufCdcnt to le* 
suit in iiM:fea$e cfecrea^ of 
year-round ice. Dtecuss volcanic 
din^ and determine if a correlmion 
am be made between prolific enip- 
tionsandchan^inthe 
ctyos^bett. Eaipmmertt with effect 
of duaionhemkig<^atmosphere> 
Stttcfy eOlMs of variflOicm in dUmth 
^>faeric gas» md reasras for their 
vaiimkMi (te.^ greentxHmi effect }. 
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Ice 

Essential Questions 



2. How migtA \mmm activity af* 
feet the cryOT|*ere7 



C How did the moA leceitt ice age 
aflectlbe Earth? 
1. How did the most lecem ice 

age modify die E^*s topog- 

T^Htiy ^ drainage? 



2. How did the mosn leoem ice 
age affect ifae types and distii- 
butiosioflife? 



3* Whitt itsouiues leaulted from 
the mosn recent ice 



Key Ideas 



E^qmnded develqmieirtt mhistiiid- 
iio^cm, dsA tediiH>logies cw rmit 
in gl(4m! atm<»idieric dmnges thitt 
cm sdter the Eaith's nyoq^ie. 



AdvuKres of ice sheets during the 
Pleistocene caused large smface 
aieas to be modified by enskM^ 
gouging and gmend abrasion, 
wheiras in die marginal axmes of 
tUmdng ice, large volumes of sedi- 
0^ were ^nisited. BtHfa pro- 
ossses pro(hK:ed dramatic effects 
iqpra tte ImKl sold its «irface drains 
age. 

Dmk^ the nuM recent ice age, 
veget^cm belts strifked southward, 
and animal Ysmm migratitm 
occurred. 

Many non^etalUc deposits were 
proifaKed as a direct prochict of gla* 
ciai advmi^ during the mo^ re- 
cent ice age. 



Seeking Answers 



Disci^is human procmes or ptx^ 
tices dmt mi^ contribute to a 
ctenge in the voliane of the 
ctyoqrfiere. Use aitides and mov- 
ies to emphasize those activities, 
CcHisider inflwKe of nt^tcal de- 
fnei^tttiOD. (tot paiticulaies. and 
greenh(H»e effect Use cmipahson 
of Mmand Vetnis. 



Use amoctem geomoq^hology te^it-* 
biHjk as asourcebocA. E^;imtne to- 
pognqrfik mnf^ high altitude 
fbadogn^bs^ wd sitfellite images 
of glaciated areas. Us» Uiagroms. 
models, and fibns employing ani- 
mati<m to illtistrate ctuviges pro* 
<faimd by ^aciers to die imid 
suffice* Discus; fonnaiion of the 
Great Lakes. 

Recofistjuct eveiM of the most le- 
cott ice age. Ushig lutftfopology 
text as sourcebook, cfiscuss tmman 
nugrmioa 

£k) library rese»ch on glacial re- 
^mroes, much » sand, gravel, peat, 
l$km, wA aquifeia. Rot resources 
on mq^s, smd determine if Miy aw- 
relMe with kmnvn gladsU feahires. 




D. How can we leam about p^ di-* 
mma by studying year-ioiaid 
ice? 



E How msd by wbtrni shcwM Ant- 
arctkabemaoi^? 



F. WImt hazanto are associated 
widi the cryoaphm? 



By inveAipfing layers of ioe (ice 
str^giapby), we can leam abom 
past dimates. ^mapped pollens, 
volomic (hist, and pses foumi in 
the laym ciui imply the 
atmoqtere*s temper^ure and com* 
po^onhitbepatt. 

Thiere are significam prcriilems in 
(fett^uiii^ territorial dainu mxA 
jurisdictiiHi in usii^ the re»»Hnces 
of Aittarcticat the omtU^t contaii^ 
ifi^ the lar^ ice sheet in the 
work! 

The ciyosqrfiere proviihrs poteiHial 
hazards mi land and in the o<xws. 
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Study ways that layeis of ice can 
y^ld past asvirunni^al char^ler- 
istica. 



Use U.N. puMicatitms as sources 
of infotmation reganlin^ managing 
Antarctica's resources.* Debate on 
issues ktei]li£^. 



U» die Hmnic to introchice hat* 
ants bom ghmal cdvkig, whidi 



Ice 

EssentUd QuesHons 

9-12 



Key Ideas 



Widespread melting of the Earth "s 
gkurieis and snow fieWs would 
csBise woridwide rise of sea level. 
Widespread accumulation of ice 
would cause glaciers to spread 
over land now occupied by humans. 



G. What kinds of technology are 
used to study the ciyo^phere? 



A variety of scieniific technologi- 
cal ai^lications me used in the 
study of the ciyosphere. One of ttie 
most productive is coring. 



H. What careers are available in 
the staAy of the oyc^Aere , Md 
wfa^ other typei of onf^oymeitt 
leqtme knowted^ of this dis- 
cipline? 



Glaciologi«s .study the physical 
properties and movemerts of the 
ciyos^^Mie. Ejuanples of other pro- 
fessions tl»t requite knowledge of 
the cryw|Aere are civil eng^'iCer- 
ing, coiatniction, fanning, ardiiiec 
tioe. real «tate. and land u&e 
plaim^. 



Seeking Answers 



produces icebergs, and to stimulate 
imerest. Experiment with large ice 
blocks in salt water. Research 
newsfM^rs and magazines for gla- 
cier-associated pn^lenis, (eg. ava- 
luKhes). Use ma^js of coastlines 
and high tatitude.s to »udy ir « 
changes in the »a level ana ice 
masses coukl immdsM ttw iamS. 
Ctmsiifer gh^ Oanographic and 
econcmiic inips^. 

Assign reports exploring ways ice 
Is snidied. Invite gue.« .speakers lo 
discuss specif im>btems in coa- 
during research on the cryosplwre, 
technitfues of coring, and use of mi- 
crowave techniques. 

Ccmpiie a list of professions that 
study ice masses and the influence 
of the cryosftere <m hirnian Ktiv- 
ity smd wildlife. Invi« profession- 
als to speidK on their experiences. 
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Life 

Essential Questions 

A. Wlurt does do we have thtf 
plants ami animals lived long 
ago? 

1. What ait fossils? 



Key Ideas 



Fossils are the irmoins of plsMs 
and animals thai lived Irag ago. 

Fossils teKh us what ilw Earth was 
liice in the past. 



Seeking Answers 



Hand out fo^ specinmis. Draw 
ptdwes mddc^t^e. Generate a 
list of propenies of ifae fossils 
(^lape. ^ze, color, texture K Dis- 
ctss where each livkig ihi ng ihat 
becmie fossilized could have lived. 



Define what a fos^ is. Use clay or 
pU^er of ?ms and a sta^U to mokt 
a fossil impfint. 



2. Whai were diiK>sauis, and 
wtM ha(q)eoed to them? 



Dim^mirs were animals th^ lived 
millioiB of years ago. 

No dincmuis ait alive today. Sci- 
emiAs have several kleas as to why 
dinosfuirs became extina. 



Use braes to discus clues Umt 
help t» figure out what dinoswrs 
were lti»« Compare di0eitm*sized 
bMes (e.g., tUigh bone finmi 
cUdren and cow) to loier the sire 
of the aitoal. Exmte and mea- 
sure a dino^qr foot impression. 
Describe the foot that macte the 
footiMHtt. Drew the body len^ of 
vioitms dbK>ssiB9. Draw dinosmir 
teeth; infer whm n dinosaur's diet 
w^ CHreiiss whM mi|^ have hq>* 
paied to dkx^sauis to m^e them 
extinct 
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A. How does life use the Eanh? 
1. Whia is necessary for hfe on 
Eaidi? 



Air. wdUf. sunli^ and niMiims 
are a^Sial to Ufe Eanh. 



lk> invesAigatimis with Ikhens and 
algae m Mgh wd tow tanperature 
coiKUti(»is* Sttidy fdiaitt growth in 
environments where essratiols for 
life are removed. Build and main- 
tan a ttnacnmi* 



Compm h^kms and the methods 
by which living thin|p( get wh^ 
they need to survii^. 



2. How is the Earth used by hu- Humans u^ the Eai^ for food. Explore past and presem uses of 

nma? shelter, energy mmiicn, recre- the Eaidt 

atira, waste imxi wis, metid re* 
soutces, and noo-meial resources. ^ ^ 



Ufe 

Essential Questions 



Key Ideas 



Seeking Answers 
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B. Why have some living rtungs be- 
come extinct during prdiistoric 
and hinoric times? 



C. How do we affect the btdriiat of 
other living itvi^? 



D. What actions can we take to 
show concern ft)r tifc on Earth? 



Sonw changes in haWtat are so sc 
vere this they cause extinction. 
OMOiges in habitat can be pro- 
duced by climate. Changes in habi- 
ts can be produced by humans. 



Humans affect habitats by chaig- 
ing patents of lawl use. Hirniam 
affect hidntais by »kling lo the h^ 
itat new ctonicals. such as femi- 
cides and other solid, Ikjuid, and 
gaseous wa^e products. 

Humans can show comsin by 
cleaning up the community, recycl- 
ing, using Earth materials wisely, 
ctmnging wasteful buying habits, 
protecting natural areas, and uniter- 
sianding more about the Earth's 
prcUems. 



Experiment with the students' per- 
ceptions of heat aiKl cold, breath- 
ii^, confinement and crowding, 
and other factors that can give in- 
si^ into the ways in which living 
things adapt or do mH adiqH to 
their environments. 

Examine local areas for ditanges in 
land use and for pollution effects 
cw^ by temiais. 



Research endangered h;d)itats. Se- 
lect a service project, such as keep- 
ing the school or coramuniiy clean. 
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A. How does the Earth support life? 
1. Whai materials aod coodi- 
tttHis suj^KKt life on Earth? 



In general, pi&ra and animal life on 
Earth i«cd water, Mkquate temper- 
atuie ran^; «ieigy supplfed di- 
rectly 6om the Stm raindiiecily 
through other life fonns; oxygen 
arid carbon dioxide frwn the aimo- 
siHxre; and nutrfenis from soils. 



Discuss what certain plants and am- 
mab need in the Earth's water, at- 
nuM^te, wd cnist. 



2. Why isn't Ufe the same every- 
where? 



Specilk geogr^rtiic conditiOTS, 
like climate, soils, elev^ion, |M- 
ogy, latihide, (fetennim; tite 
types of fdants and ammals ttial are 
native to a paiticulitf area. 



Ua maps to study how plant and 
animal poptilations in different re- 
gions are afferted by geographic 

floors. 



B. How have Ufe and the Earth 
changed? 

1. How do we know living 
iMnp have di^t^ed through 
time? 



The f(»8il record sIm}ws thtf plaius 
and animals have changed over 
long p^ods of time. 



Use activities to learn about fossil 
classification and fossil tdentiGca- 
tuH) wA coneUdhm ow time. 
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life 

Essential Questions 

2. How cm fossils reveal the 



X How |»ve living things 
changed the f arth? 



4. How does the way we live af- 
fect liviqg thii^7 
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A. Whu do fossils reveal dxmt the 
past? 

1 . How do fossih reveal ii^. 
msiion about the environ- 
ment in which the otganisms 
lived? 



2. Wfnt do fossilf reveal abom 
maj« geographic and envi- 
fonmcmal dianges tlnoa^ 
out^logicfaistofy? 



3. How do fossils provide evi- 
deoce fm oigmic evoIutiM)? 
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Key ideas Seeking Answers 



The study of f(R»iIs can tell us 
about eovimfflKots in whtdi 
plaius and mimals lived in d» past. 

Living iWngs have chmiged 
ttooo^ geologic time the composi- 
^ (tf die Eaith's air, o^us, md 
crast. 



Human activity, such as industrial- 
ization, uibanizalion, and agiicul- 
Jure. can significamiy affect die 
I»d, soil, water. ^ ail- ih^iHIatts 
and admals need to live. 



Study p^eoenvirmunents (e.g.. 
tenestrial-marine). and compare 
with modem environments. 

Discuss the effects of living things 
on sHls. atnio!|4)eie, oceans, riv- 
ets, mi lakes. Study how living 
things lave oeated m^ural re- 
sottices. like fossil foels. limestone, 
andinm. 

Stwfy the impact of Immans on the 
local and global envtroranent In- 
chMfe ideas like pofmhuion growth, 
teaooice d£.vdcqMB«», and sustain- 
able cfevelqnn^. 



Fossils reveal infofmatioo sudi as 
bow (meat-eateis or plam-eaters) 
and where (marine m tetrcstrial) 
t hewgat tos Uved; their physical 
sxnsctata (venebrMe or invoie- 
bme); amomica! feaures (e. g., 
teeth^ gnd diemical oMnpositfon 
(e. g., diells). 



The study of fos^ls and their distri- 
butioa provides infmnatto on 
water tonperatures, depths, fflid 
composkioo (liesb or marine), mtd 

coiariiHites to onr undostiuidtaig of 
paleo^ography and the 

that have taken irface during the 
Eaitii'shettHy. 

The stKcession of fonil assem- 
blages in the strati^^c column 
provides insight litto the changes in 
life Cmns dtfOB^ exceetfingly 
long intervals of time. 
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W<Mk with a good fosal colleciifm. 
Coiq)»e fossils with modem 
forms of sbelb. Use laboratory 
proHcms Ihai require etjvirwmm 
tal imerptetaiiras and ev^uatknis 
of cha^ Umragh time by strati- 
gr^pbk analysis. DiSeroime charac- 
(crisiics of ffloiiie oiga^sna m 
high and low energy zones. Ugfai 
md dsfc envhtHimentt. and warni 
and ccAd waters. Compare laid and 
marine fc»ms. 

Research and plot locations of sev- 
eral fossils nd the rock age in 
whfch they were found. Inteipict 
the pas» envin»mM»tii (pafeogeoi^- 
pity) fiotn yoorobsefvatioi& Ob- 
serve climatic variations through 
time. 



Discuss and do laboratory ocfivi- 
ties to investigate changes in life 
fiwoM from ^mj^ to increaitogty 
complex and vaifed Empb»ize 
thai chan^ ate die nonn and may 
be abnipt <»gndital. llluaraie with 
sixK&a of exihidioaB. Discuss cgo- 
cepii ant oe of hxlex foflsili. 



Ufe 

Essential Questions 



Key Ideas 



Seeking Answers 



B. How do Eonb msaeiiats sq^rt 
food webs? 



Rock^lerived scwis comribute the 
soluMe mitrtoiis necessary for 
p]sM growth land; tai m^ine en- 
vinHWieiMs, plant and animal life 
ctepends upon dissolved miirients 
in die |^ic tone. The nutriems 
are derived firnn deeper waters 
largely by the pmocss of i^meUii^. 



Highlit the impoitance of the 
food wb by having panel %ries 
of short talks by strfl scientists, tnul- 
ogisls, and agronomists 



C. How ue we m^Kmsible fwaU 
lemainkig living things? 



D. Howt^iectmofogyenabtedts 
toext^ mir t»ilri&d)te envirra* 
meiM? 



E Wh^ <»ieeni are available in the 
st^ of tihe Earth's mterKtKMi 
with die t»os|rfiere« md what 
other types of ra^oymott le- 
qtiiie iQiH>wted|^ of diis disci- 
piine? 



We have dijqw^wtiwialely gres 
influence on virtually all t^ber life 
fonns becttise w era dras^cdly 
alter the envirotmients upon which 
all Ufe fonns depend* 



Humm habitaitcm has e^»KM 
into formerly hostile envirramettts 
becau^ of tecimological develop- 
ments, which help us cOTtrol mh 
factors as energy, air, water, shel- 
ter, and agricultuie. 

Geoscientists. meteorologists, 
oGeanogr:9rimrs, and bii^ogi^ 
study interactions of the biosphere 
with the (Hher Earth ^riietts. 



Use atKtiovtsuats to smtdy enviroti- 
mental im)blems. Consider 
changes that have ocamed on 
Eardi and Uieir {mbaUe impact. 
Hold (telHttes md dbcussioits on 
tt^calenvinKinietSal issues. 

Sttidy 1k>w tedttiology is used to 
tianqK»t fiiel. w^«, goods, and 
servioes to manage enclosed 
enviroimiaM* Inve^gtf e or visit 
Biosphere 2.* 



Deveh^ a list of professions that 
mtsst know "ail sqrtiere" interac- 
titms. Invite local lepiesentatives 
to spe^ to class. Compile a career 
lepon 
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Earth in Space 



Essential Questions Key Ideas 

A* How are the Earrti, Mchhi, and 
Sun alike and different? 

1. How docs the Son's position The Stoi. which imviifes Eafdi*$ 

change during the day? heat and Ught, is at difiereoi post- 

ti<H» in tte sky ift diffmm tmm of 
the day* The Sm dgptms to move 
aows the sky firrai e»t to weA. 



2. Wlmt cmies day md dgte? 



3, Wtatt can we see in the d^ 
dcy md in the ni|^ sfcy? 



The Son lisn m die (beginning of 
the d^ md sets itt the begss^ of 
the nii^ Tl^ lij^ luid s^tmg is 
(h» to the rotatira of the E»th. 

Sometimes the Moon can be seen 
idghit md aotneiiiK^ it be 
seen the day. Plan^can 
sometimes he obseived hi the eve- 
ning meaiiymoni^ sIckm.The 
Moon »d phoets reflect die Ught 
of tttfSm Stars can be seen in the 
evra^ sky< Stars, like the Sim, 
prod^ tlieir own ii|^ and heat 



4. How does die Moon ^)pear 
todttnge? 



The Moon's q^Hueitf shi^ 
chai^ daily. The Mckni s^^ats 
to move ttfoss die dcy fmn ea^ to 
weA daUy. The Mooo*8 positim in 
the dcy in rdatioQ to the Aais »id 
Sim changes dialy< We can mly 
see the siud^ p^ of die Mooru 
The Moon reflwts li^ from die 
Sm 
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Seeking Answers 



To Audy tti« effect of the Sun on 
the Eaidi, compme the melting ra» 
of m ice ciri>e ui sunli^ and in 
sh^. 

Study the sdiadow of the school 
ffa^K^. Obsttvt and nieasute the 
^a^w at different limes of the 
day* When tsdie ^udow die shoit- 
est and 1<»^^? Whtf direction 
does the ^iiadow potnt in relation 
to the Sim? What |^ does the 

Study how asumttal works. Moum 
a (towel peipendicidarioapieceof 
canfl^ranL Evety boor draw a 
shadow. 

Ov<^ a peiiod of tme« observe 
chaiiges in the lengih of day md 
fd|^ by recording tin^ of siumse 
ndswisML 

Ot>serve the sky . Depencfing on the 
seastm, ytm will be dste to see 
Venn, Mais, Jqpiitt^ nd Stfum in 
the eaity montog, eaiiy evening, 
and nigitt slcy. Refer to Science and 
CMldnn} a^wmd tbM has a sec- 
ttooonthe 1^8^^ and lists vts4- 
bte {Janets. Atsmtoemfntiset 
tfK^ biii^xest objects aie frt^pmdy 

Pick a time each dqr (or night) and 
a cofstim i^ace to stand to look ^ 
die Moon. CMmrvetow it dmiges 
pMbioo and daipe. You 
sme i!ie diange hi he^ ^dH>ve the 
hmiEOii by oshig yow outstretched 
fist n a measwhig devke, 
Demoost rrtehowtokgepy<»gann 
tevd widi the bottom of ymir oii»- 
stfctdied fiat on die hcMizcML 
OtfQgea in Ae Mooa*s poshioo 
cao be flsmnsed by attn&v ^ ib^ 



Earth in Space 

Esseniud Questions Key Ideas 



Seeking Answers 



3-6 

A. Wliit csn we see in Ihe sky? 
1 . What CM we »e in tbe day 
sky? 



2. How (k>es die Suni^pear to 
move in the sky? 



3/Whal cai we we in the ni^ 
sky? 



ERIC 



I^uteg die day. we ^ see tbe 
Sun, Mooo, and sometimes mber 



The Sun appears to move across 
the sky in a semidrcular motion 
firom east to west. 



During the nigH (with the onaided 
eye, baxMrtdais, m teleK<^), we 
cai stt flan, the Mooo. planets 
and their moons, meteors, and man- 
made satellHes. 
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same place during esKrli observa- 
tion lOKl oHni^mmg the Mocm's po- 
siticm to a cotiinion reference point, 
like a tiee or roof, O^tst lhe*<: 
changes over a period of a nuMith 
What shape does the Moon have 
when it is otit during tlw day com- 
paied 10 when it » otR m night? 
Use a dmt to lectml your observa* 
tiiHis. How many days aie theie 
from full moon to half moOT, half 
moon to new moon (no moon), 
new mtmi to half mo«m. and back 
to ftiU moon? Predia Uw sh;tpe i>f 
the Moon, and verify ywr predic- 
tiras* 

Teacher note: ChiWicn often be- 
lieve inconecily that the phases of 
the Moon are caised by a sAiadow 
ciested by the Eaith. The phases 
aie dtie to the leiMiimddp between 
theEaiih, Mooo« and Sim. The 
Moon leflects the light from the 
Sun, Because the Moon revolves 
annmd the Earth, a person looking 
?A the Moon sees the il]tmiin;ued 
p<miim of tfie Moon finmi a diHier- 
em mgte each f»gl& 



CHrseive the ttaytin^ fdcy over m 
extend period of time, and note 
the relttive pcmtt(»] of the Stm and 
Mocm, 

Ohwrve and reo^id the apparem 
path of the Sim* and ctan the times 
and diiecttf^ of rising wA setting 
and the maximum alfitiKles over an 
exteixted period of time. 

CHiseive tfie m^ sky, and leowl 
c^>savaiicms over m extend pe- 
riod of time. List injects observed, 
and omipaft with p^ographs. 



Earth in Space 
Essential Questions 



3-4 



4. How does dx oigte dcy 
change? 



Key Ideas 



During one ntghi. the objects in tbe 
sky qypear to move m a circular 
motion anxind the North Star. 
From ni^ to night, ite stars ap- 
pear to shift westward, tbe Moon's 
shape aod position di^tge, and the 
plants ^^or to wamfer. 



Seeking Answers 



CMsenre and record dianges in ihe 
{biases of tbe Moon aiKl its position 
in the sky over a period of ai least 
30 days. 



B. How are the Eaitb. Moon, and 
Sun lebted? 

I. How cm the mtes of the 
Eaitfa. Moon, and Sun be 
compaied? 



2. In whntt vays do the EatOi 
and Motm move in relation to 
the Sun? 



3. Why is the Sun am«(&>red 
the Eaith's mom in^xnl^ 
energy soon*? 



C. How is the Eaith-Moon-Sun sys- 
tem rel^ odier objMrts io 
the Sol» System? 
1. ^"hat are the membeis of tbe 
Solar Sys^? 



2. Where are the Earth. Moon, 

and Sun located in the Solar 
Sysum7 



TheSu. is much iaigerthan tlK 
Earth an i Moon. The distance be- 
tween Ihi; Sim aixl Earth s much 
greater than that between the Eanfa 
and Mora. Bec^Ke of the Sun's 
great sin aod distance from the 
Eanh, it appears to be the same 
size as the Moon. 

The Mom revolves arowKl the 
Earth. The Earth and Moon revolve 
around the Sun. The Eaitfi aid 
Moon m^e while levdvmg 
anniod the Sun. The period of the 
Moon's rotation is die sane as a 
iimar month. 

The Sim provi(k» heat and light en- 
eigy. Solar eneigy controls 
weather dbns^. Throa^ the 
process of pbolosyitfhesis, solar en- 
ergy is stored in plants. It is passed 
thnragb the food c^ain to all fomis 
of ^dmals, including Ixmians. 
Tluough this fnooess. solar «Krgy 

is also sored in fosal AmIs. sudi 
as co$d, ml, and gas. 



Members of the Solar System in- 
clufte tbe Sun. Moon, planer, tfieir 
moMis, comets, md astenridi. 



The Sun is at the cemer of the 
Solar System with the planets and 
odier objects of die Solar System 



Draw scale models to show rela- 
tive sizes and distances. Create 
scale models of die Sun. Eanh. and 
Moon. Observe objects of various 
sizes at different distances. 



Cre^ simulations nf Eanh. Mowi. 
and Sun motitMis uskig spherical 
objects carried by students. Investi- 
gate day aod night with flashlight 
aod^Hiere. 



Discttra chffiiges ttutt can occur if 
die ener^ from the Sun incieased 
or ifecreffied Study vnim^ m 

daytime ^ nighthne temperstuies 
and seasonal temperature changes. 



Visit a {rimetarium. Examine Na- 
tional Aeronmitics and Space Ad- 
ministration (NASA) pfaoto- 
gr^^. Stuffy the various mem- 
bereofdieSolwSystMn. 

Make a model of the Solar Systen 
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Earth in Space 
Essential Questions 



Key Ideas 



Seeking Answers 



3-6 



revolving around it. The Earth's 

and Moon's wbiis ai? aboirt 93 mil- 
Uwi miles (150 nuliion km) out 

from the Sun. 



D. Whm can we learn from space 

i. WtasA tave we teamed dbovs. 
the Earth and Moon from 



2. What benefits to humanity re- 
sult &OHI sqpace exjptoiation? 



3. How do we lean» *out the 
Solar System? 



4. Wtet have we teamed about 
die Solar System from space 
exploiatira? 



5. What aie the possibilities for 
life on other planets? 



SateUitKt smd space probes <*serve 
and measure the Earth's and 
Moon's featuses and stniviures on 
a planetary scale. Satellites s«xl 
bsKk knages of the Earth's weather 
p:Hteim. oceai ciroilalion, md 
IsBHlfmnis. 

BeiKfits ftom explorjaion of spw» 
include medical and ^dmological 
advarcements, such as electronic 
miniaturization mi Hgl«weigUt yet 
strong plastics and metals. 

Exploration is cwiductcd with the 
use of telescopes, satellites 
imamied ami umnamed). Mid 
sp«x pn^jes. 

Space exploration has shown many 
new and iitteiesting fieatuiwof the 
plsoets and mxm in the Solar Sys- 
tem. Some examples are the great 
cwyoa (VaQes Mannens) and v<A- 
cano^ (Ai^ Mora. CHympus 
Mons) of Marr. Oieal Red Spot of 
Jupiter, sulfur lava flow on lo; and 
the ''chevron" figure on Miranda's 
sasfxe. 

If condit!«B necessary for life, 
such as nxxleraic temperature, 
water, oxygen, carbon dioxide, and 
minerals, exist on other planets, 
life could exist on those planets. 



Examine NASA photographs to 
study '^^ih's iandforms, ocean cir- 
r I® ... andlarge wealwr sys- 
5Mns. -^ov" how .^ace ex|^oration 
has been us'd to develop new ways 
H solve .rfems- 

Shidy NASA publications to leam 
about technological and medical 
advancemenis. 



Study a variety of resources that 
illustrate images of Earth and other 
Solar System objects. 



Study NASA publications, photo- 
gr^^, ts^, wiii other resources. 



DcmgR an imaginaiy trip to the 
Moon. Disatm the probleins of liv- 
ing in a hostile enviroranent. 



6-9 



A. How can we observe objects in 
the sky? 

1. ^bat can we see without a 
telescope? 



Without a telescope, the Sun, 
Moon, stare, comets, planets, mete- 
ors, and artificial satellites can be 
seen. 



Ohseive the Sun, Moon, stars, cwn- 
ets (if possible), meteors, artificial 
satellites, mi planets. Use audiovi- 
suals; observe a few constellations. 
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Earth in Space 
Essential Questions 



Key Ideas 



Seeking Answers 



2. Wbsa am we see wiib a tele- 
scope? 



3. How can we observe ob^cts 
in the sdcy in other ways? 



B. Wbm are the mocimis of ob^ds 
we see in the s*y7 
1. How do celestial objects 
move tfanM]||i the dcy? 



2. Why do celestial objects ^ 
pear to move anniod ihe 
Eanh? 



3. How do actual motiotis of ob- 
jects in the Solar System af- 
fect tis? 



C. What IdiKb of objects exist in 
LWhatistbeStm? 



2. How do (HI the Sun 

afiect us? 



BiiK>ctdars and optical te^qyes 
extetHi the ranges of nonnal vision 
to observe galaxies and moons of 
other planets. 

A variety of ollwr in^n^nts, 
smA as ndtoteteso^pes and ^ace- 
based K^tescqyes, aie tmdto team 
more about the stiucture of tte Uni- 
verse. 



Use binoculars wd lelescofM^s to 
ob^rve the Moon, stan, plar^s 
and their moons« galaxies, und tab- 
ulae. Sketch the Mooa 

Study tte electrotmignetic spetlm 
and speciro^opes. Read ^nnit s^- 
ellite imagi /, astrt^rfKXognqrfiy , 
and r^otel^copes. midio- 
visuals. 



The Stm, Mora, {daneis, and most 
of the stars ^q)ear to move daily 
acn^ the ^ from east to w^. 
The exoeptitms to tMs eaA-to-west 
movemeia are meteorites and aiiili- 
cial sMllites. 



Celestial objects a{^pear to move 
arouiKi d» Earth because of the 
Earth *8 rotatsim. The Stm« Moon, 
and planets ^^ar to drift ^nocig 
the stars tecuise of the revolutira 
of dK Eath anmxt die Sun. 



Observe risin^ and setting motions 
of Sim, Moon. st»s, bdA (rimets. 
Observe die Sun's }mdi, itfing a 
shadow stick. TranqpareiM pla^c 
trnnisj^res, available fruin suppli- 
ers, can be used to track the Sun's 
path. 

Use models to show the eastward 
drift of die Sun and Moon* 



The rotittioa and reralutiOT of the 
Eaitht altnv witfi the tilt of the 
Eanh 00 axis, ca^ day* night, 
and the sesim The motiras of 
the Moon and Ewth c^sse ddes, 
the phases of the Moon* and 
ed^s 



Use nuxiels, gnq^ and fAvAo- 
grqtototearaaboiMtiitai, sea- 
st»^ <tey and nt|^ «jip$i», 
{rfm^ of the mocm, asteroids* ccmi- 
ets, and metrites. Study Foucauh 
pendulum and Ccriolis effect. 



The Sun is an average star in the 
Milky Way galaxy. It is ctmAantly 
ctraging. 



Etectromagnetic stotms on the Sun 
caise imii^KHs. Tbe% storms also 
cmise panicles from die Sim to in- 
teract with Earth's samc^qpteie to 
produce frf^^mnma such as the 
auriHa iKmalis* 



Use activity with models to ife- 
velc^ size and di^ance relation- 
ships among die Sun. Moon, and 
Earth. Leam about ftisim, eYectro* 
magnetic radiatira, ami ^>eed of 
light 



SnKly die effect of sunqK>ts (m 
radio tranmiissiiMi and Earth's 
magnetk field. 



Earth in Space 
Essential Questions 



6^9 



3. How don the Etfth compare 
witfi odier ob^ts fai the 
SolvSjrstem? 



4. Whfirt kimls of cA)jecis esdst 
ou^cte the Solar System? 



D, How can we use space? 
I. How cao we live in space? 



2, What can we learn about die 
Earth from ^^? 



3. How has space tedaK>togy 
clanged ottr lives? 



E How is the Ui^eiw doi^ing? 
1. How did the Unhreise begin? 



2. How cw mt n^asuie dse Uni* 
verse? 



Key Ideas 



When ccmipaied to tte EaiUi, there 
is sigmficattf variatitHi in the size 
of pl»ets and their moons, their 
distance from the Sun, and their 
cmnposition. 

CHher galaxks and pheiKmiena re- 
lated to ibast galaxies (e.g.. bh^k 
tM)k^ IHdsars, quams) are oot^ite 
die S(rfar System, 



Space vrfitctes need to provide cer- 
tain cooditiom hinnans to live 
insp^. 



We have learned a great deal about 
the Earth's air, watt^r, ice, life, imd 
cniA as a result of artificial 
lites. 



Space tech£K>logy has aHected the 
<fevek^mieM of n^ny new {^od* 
ucts cm Eanh, particularly in the 
area of commtinications. 



At the pitsem tinw, the l^ig-bmig'' 
theory is the most widely aae|»ed 
theory to exfrfain tK)w the Ui^wrse 
may lave begtm* Hie tbecny is 
based cm the otecrvationthal galax- 
ies, the htf^ sAiucttffioi in die XSnk- 
verse, sMm to be moving away 
fromeadiodier. 

C^servations made thrmi^ i»e of 
instnmienei Hfte spectioscopes and 
radio^tescopes telp m learn more 
about ti^ sAiucture of the changing 
Universe. 
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OEST copy AVAILABLE 



Seeking Answers 



Ccmipare the size, distance, compo- 
siticH^ features, and surface temper- 
atures of die {Janets. 



Rrad dxHit dififerem types of galax* 
ies, lAsxk b^les, pubars, and qua^ 
sars. Use phcrtogr^As wt»n 
pM^Ue. 



Study the {rftysical conditions pro- 
vided by a ^mce shuttle and future 
^K»sutiiH». Design a space 
habitat 

Study information from ^ace pho- 
tognq^hs and remote sensing data 
that show Banfa fesuures, uichiding 
Earth's ^»pe. Disass bow sad- 
lites are t»ed to imdict weMhi^ 
and track stvfius. 

Study the ways th;^ lechnoK 
ogy hn been spf^kA to nMxfem liv- 
ing. Use infcmn^ion fittrni NASA. 
Discus poss^ military dspcas 
of osir^ travd. 



Discus varioi^ theories of the 
evolving Umverse. Use approphaK^ 
audioviaials. 



Sttnfy the eviiteK:e of die expand- 
ing Uriveise (I^q)|rter ^ft). 
Dtecwscate as it to die 
AtHfy of galaxk^. Use Nerf foot* 
bdi deiiK»»nttimi to show Dq^ 
lar e£fect: insen bellp buoer, 
bom inskle fo«A>aIl, and dirow 
foMball ^^ross die flxmi. 



Earth in Space 
Essential Questions 

3. WiUtfaeUnivefseend? 



Key Ideas 



It is not possible to know all there 
is tokncnv ^NMtt the Uuivefse widi 
cm pre^nt ledmology. 



Seeking Answers 



Discuss changes ttaa have raken 
place through the years in our view 
of the Universe. 



9-12 



A- Whm is the settii^ of the Eaitfa 
in the System? 
1. What objects aie in the Soiar 
System? 



2. Why is the Eanfa unique com- 
pared with otfa^ Solar Sys- 
tem object? 



3. How md n-hen was the Solnr 
System fomied? 



B. What the setting of the Solar 
System in the Univerae? 
I. How far apart are objects in 
s^moe? 



2. How does the Solar Sys»m 
mow rehaive to tiK Mi^ 
Waygahwy? 



3. How can we Utok badcward 
in time by lotAiQg imo qmce? 



The Solar System tiK;ludes the Sun, 
iHanets with their moons and piooe- 
iaiy rings, (XMnets, aaen^. wnl 
nwteois. 

As a planet in the Solar System, 
the Earth has some imk]ue felines 
ih« iiKiitKle iHfuki wiMr. plaix md 
aiuinal life, laige Moon, and atmo- 
sfiien with mostly ntoogen and ok- 

The nebular theory states that the 
Solar S)^em begsi as a lar^ 

cloud of gas ukI dust caUed a neb- 
ula ^XNH five bUlmi years ago. 



The disiMKes betwewi objects in 
the Solar Syana and galaxy are a> 
gieat tlM they have to be n»aaaed 
ti»Higfa im&tct tecta^oes. 



The Solar System is pm of a large 
system of stars called the MiOcy 
Way galaxy. TTie Solar System re- 
volves armmd the cettter of the gal- 
ajfy. 

Because of the vast distances in die 
Universe, the Ugfat teaching our 
eyes and in^uumei]^ from dstatt 
objects is millitHu of yeais oHd. 
Thus, our present view is actually a 
^tew of faistf»y. 



Do acnvii^s tfiai ^ww (he various 
components of die Solar System 
Mid how we team about these com- 
ponents. 

Study the similarities between the 
Earth and the other planets (and 
theh>mo(HB). 



Study the vsukm theorres of the 
Sola- System th« have been devel- 

ZHscuss the flaws in these 
theories. U« diagnuns and fibns to 
team dxrat the evi^on of the 
Sim mi {danets. 



I^ain dxNtf ^trtmomteal muB, 

years, and parsecs. Cakulaie 
the length of time it takes ft^ light 
to travel between ob^cts kt d» 
Sol» System and in the Milky 
Way galaxy. 

Use visual aids to study the s^ptoK- 
imate locaUon of the Sdar System 
indie galaxy. De^imine ihe lime, 
distance, and velocity for one revo- 
li^oo. 

Show how the Doppter effect is 
used to stwfy relsaive OKHinL 
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Earth in Space . 

Essential Questions 



Key Ideas 



Seeking Answers 



9-12 

4. WliM is ihe probabittty thm 
Ufe exists elsewhere in the 
Umverse? 



5. How zm people live beyond 
tiie Estb*s almosqirfme? 



6. How is the Universe cfaang* 
ing? 



C. What tools and tecfmology csi 
we tse to extei»i our senses to 
sttKfy space? 



D. Whtf caieers are available in 
the study of tl« Eaitii and the 
Solar System, mA wfaiu other 
types of emfrfoyment require 
knowlet^ of this di^r^Uoe? 



Tte Urge number of stars in the 
Univeise irK^ieas^ die pn^iability 
dial there ts life elsewhere. Otter 
forms of life may exist 



To live beyond d« silmosf^ret 
pec^le need to creitte m aitifidal 
enviroimetH similar to die coiKli- 
ik»K near d^ Eanb's surface. 



The Umverse has been expanding* 
with the galoxks moving farther 
airait. for Inllions of years. 



Space v^cles* such »i Voyager, 
have helped m understand various 
aq>ect$ of the Solar System, sudi 
as m^netic fields, pl^ietary rmgs 
and moonSt rues (tf rotati<m, aid 
difieieiKes ki composition of plim- 
etary bodSlM. Optiod, radio, and c^* 
bhii^ tetettope9^^idour^>ility 
to crf^serve <Hs^:ts bey<md the 
SolvSym^. 

in die wn^q»ice industry, 
medtehie, ^Ic^, planetary sd- 
eno, ^uommiy, ami many others 
reqinre som^ knowledge of the 
Eaithin^TMe. 



Use tte Henzspning-Rus^il dia- 
gram iH-R diagram) lo study theo- 
rks of stellar evoludon. Discuss 
the frequency of stars similar to the 
Sun and the possibility mA prc^i* 
biltty of cHher {danets similar to the 
Eaith. 

List and discuss the componertfs 
necessary for life to exist in an arti- 
ficial envircmmeiM. Use iitfonna- 
dra Irom NASA to disct»s tniman 
survival imkkSs on the Moon ^ 
Mars. Simulate Mars landing. 

Study galactic evolution and the ev- 
iitence of tbe expanding universe. 
Discuss the similarities aid differ- 
ences among the diffeirat galaxies 
ftmnd in the Univ«se, and com- 
pare (Mher galaxies to the Milky 
Way. 

Use the lemuroes of die NASA Ed- 
ucabon Cemers to condhict aj^m^- 
phate activities.' Study die ideas 
learned hrtmi the various pn4M»i in 
the Sobu* System by ^utifidal sMl* 
lites. 



Use NASA materials arKf other 
teachmg rescmrces to discuss ca- 
leer of^itunities in the stmly of 
sp^ and space tediK)logy. 
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Solid Earth t* Earthquakes: A Teacher's Package for K-6 (Washington, DC: Fedm! Emer- 

gacy Managmem Agency, Br'Mqaiks Programs). Developed by the National 
SckiKe Tesdiers Assod^m with suf^xjft from FEMA. One firee copy per 
school H av^able. 

2. Reflections in Time, from the AOI/EBE Earth Science Program (Chicago: Ency- 
ck^aedia Brilarmica Educational Coip), 16mm, video. 

3. The EarA Has A History (Boukfer Geological Sodety of America), video. 

4. Geoe Himaao, "Detemaining the Earth's Cimrnifenence, " in Earth Science In- 
vestigations, edi^ by MarganA A. OtMiaman md Maifc T. Sdimkit (Alexandria: 
American Geological Institute, 1990), 159-163. 

5. American Geological lastitute, "Investigating the Size of the Earth," in Investi- 
gating the Earth. 4th ed. (Boston: Houghton MiHlin Co.. 1987). 18-19. Prepaied 
by William H. Matthews III et aL Spoored by tlK Americai Geological Insti- 
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